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FOREWORD

The diverse actual and potential uses of Army Occupational Analysis (OA) Program data
throughout all phases of the Personnel Manning Life Cycle of the Army make investigating
innovative approaches for expanding the automated data analysis capacity of the OA program a
key goal. At the heart of this effort is the use of reliable and valid procedures to cluster tasks and
other types of job data into meaningful units. Occupational clustering is essentially a data
reduction strategy designed to improve our understanding of the structure of work by reducing
the complexity of job information and finding the underlying patterns. Further, clustering is a tool
for simplifying manpower, personnel, and training procedures.

Many software packages have been developed to address this need. However, there are no
well established, accepted methods for evaluating the reliability and validity of the occupational
cluster structures produced by the various clustering techniques, or of occupational groupings
developed by subject matter experts. This gap in analytical procedures limits the quality and
utility of occupational analysis products at all levels, from the grouping of tasks into task modules
through the creation, combination, or elimination of Military Occupational Specialties (MOS), up
to the grouping of MOS into Career Management Fields.

The objective of this project was to evaluate the scientific properties and practical utility
for meeting Army occupational analysis needs of a cluster reliability and validation method
(CRVM) developed in an earlier project, entitled Occupational Analysis and Job Structures. This
report describes a statistical application of the CRVM, the cluster structure cross-validation and
internal validity (CV*IV) procedure. It also presents the results of an evaluation of the technique
using job analysis data from the population of Army MOS. Although the CRVM and CV*IV
procedure were developed for industrial and organizational psychology research and applications,
they are also useful tools for other social and physical science disciplines concerned with creating
reliable and valid classification structures.

ZITA M. SIMUTIS
Technical Director
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APPLICATION OF LIGHTFOOT’S CLUSTER EVALUATION SYSTEM TO
CURRENT PROBLEMS IN ARMY OCCUPATIONAL ANALYSIS

EXECUTIVE SUMMARY

Research Requirement:

The objective of this study was to build a prototype cluster structure validation
methodology and to test it in a population data base of Army military occupational specialties
(MOS).

Procedure:

Based on preliminary research and development conducted in an earlier study by Statman,
Gribben, Harris and Hoffman (1994) entitled, Occupational Analysis and Job Structures, we
developed a prototype cross-validation and internal validity (CV*IV) procedure for estimating
the cluster structures of empirical data bases. The two major contributions of the CV*IV
procedure are that it can be used with many different types of empirical data and include a
statistical approach for identifying optimal cluster structure. Most previous cluster validation
research has been conducted on synthetic data and has limited relevance to real data. Further,
most cluster analysis techniques do not include statistical procedures and, therefore, are confined
to exploratory, rather than inferential, data analysis.

We validated the CV*IV procedure through an experimental design that allowed us to
analyze the properties of the statistical test in terms of Type I error rate, power, and precision.
We used a Monte Carlo procedure to create 100 random samples to study the actual Type I error
rate of the CV*IV procedure. We also conducted 300 replications of the experiment through
repeated sampling from an empirical population data base of Army jobs to test the power and
precision of the procedure. We varied our analyses to reflect small, moderate, and large samples
and two distributions under the null hypothesis.

Findings:

The results provide strong support for the validity and utility of the CV*IV procedure for
estimating population cluster structure from sample data. First, the statistical test preserved the
Type I error rate of .05. Second, the power of the test ranged between 86% and 100% across
sample sizes. Third, 63% of the sample results matched the cluster structure of the Army job
population data base. Fourth, the distribution of the null population did not affect the results of
the CV*IV procedure.
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Utilization of Findings:

The CV*IV procedure has wide application for the analysis of cluster structures in a
range of data bases in both research and applied settings across the social and physical sciences.
The CV*IV procedure should be especially useful to the Army and other Services for analyzing
the military occupational structure in the present environment of changing missions and rapid
advances in computer and telecommunications technology.

viii




APPLICATION OF LIGHTFOOT’S CLUSTER EVALUATION §
CURRENT PROBLEMS IN ARMY OCCUPATIONAL ANALY SIS 1PV TO

CONTENTS
Page
INTRODUCTION .ottt et e e e 1
The Need for Methods to Evaluate the Accuracy of Cluster Structures .............. 1
TheStudy . ... 1
TheProblem ......... ... . 4
Overview of the Cluster Reliability and Validity Method (CRVM) ................. 5
Overview of the Cross-Validation and Internal Validity (CV*IV) Procedure . . .. 6
METHOD ... 8
Description of the CV*IV procedure ...............ccovuiiinnennennnnn......8
The CV*IV Index: Hubert'sGamma................ooiiiniinnnnnnn.... 9
How the CV*IV Procedure Works ........... ..., 10
EXPERIMENTAL VALIDATION OF THE CV*IVPROCEDURE ..................... 19
Overview of the Experimental Design .. .............. i, .. 19
Validation of the Type I Error Rate in CV*IV Statistical Procedure . ......... 19
Method for Evaluating the Type [ErrorRate ........................... 19
Results of Evaluation of the Type IErrorRate .......................... 20
Analysis of the Power-and Precision of the CV*IV Procedure .................... 21
Method for Determining the Power and Precision of the CV*IV Procedure . . . . 22
Results of Analysis of Power and Precision ............................ 24
DISCUSSION AND CONCLUSIONS ... ittt et 28
Limitations of the CV*IV Procedure .................................. 28
Future Research ........... .. . i i 29
REFERENCES . ... e e et et 31

ix




CONTENTS (Continued)

Page
Appendixes
Appendix A - MOS Titles, Aptitude Areas, and Career Management Fields for 263 MOS in
DOT Cluster Validation DataBase .................. ..., A-1
Appendix B - The Design of the CV*IV Statistical Hypothesis Test ................... B-1
Appendix C - Derivation of Type I Error Probability ........................ ... ... C-1
Appendix D - Army Population ClusterResults .......... ... ..., D-1
Appendix E - Suggested Applications of the CV*IV Procedure for Determining the
Population Cluster Structure ............c.coieeiiiiinnnniiinenene.n E-1
Example 1 .................. e E-3
Example 2 . ... i i e E-13
Example 3 . ... . e E-24
Example 4 ... . E-33
List of Tabl 1 Fi
Table 1. Army Aptitude Areas ..........coviiiiii ittt 2
Table 2. Enlisted Career Management Field ................ ... ... ... ...,
Table 3. Quick Reference Guide to the CV*IVProcedure .............ccvvnnn.. 11
Table 4. Comparison of 4- and 5-Cluster Structures for
Sample CV¥IVOUtpUt ......coiiiiiiiii it 17
Table 5. Comparison of 5- and 6-Cluster Structures for
Sample CV¥IV Output .................. W e be et een e 17
Table 6. Hypothesis Test Results for Type 1 Error . ...... ... oiiiinaa L. 21
Table 7. Results for Empirical Power Analysis of CV*IV Procedure ............ 25
Table 8. Average Number of Clusters in Optimal Solutions
by Sample Size and Null Distribution ................. ... . ... 27
Table 9. Log-Linear Analysis .........oouuniiimiiiiiieiiinn .. 27
Table 10. Percentage of Samples by Sample Size A
andRangeof Clusters . ...........oiiiiiiiiieiiiii i 27
Figure 1.  Sample CV¥IVOutput ......... ... ..., 15
Figure 2.  Plot of Gamma Values by Number of Clusters
inthe Population ........ ... ... ... . . i 23




APPLICATION OF LIGHTFOOT’S CLUSTER EVALUATION SYSTEM TO
CURRENT PROBLEMS IN ARMY OCCUPATIONAL ANALYSIS

Introduction

We describe in this report a three-stage cluster reliability and validation method (CRVM)
and an application of the first two stages of the CRVM, called the cluster structure cross-
validation and internal validation (CV*IV) procedure. The contribution of the CRVM to cluster
analysis and occupational classification is that it provides a systematic approach for measuring
the accuracy of cluster structures in real (i.e., empirical not synthetic) data. The CV*IV
procedure is a refinement of the CRVM in that it adds a statistical hypothesis test to the first two
components of the method.

This report is divided into four chapters. In chapter one, Introduction, we discuss the set
of problems that led to the proposal of the CRVM and present an overview of the approach. In
chapter two, Method, we describe the CV*IV procedure. Chapter three, Experimental Validation
of the CV*IV procedure, presents the test and evaluation of the CV*IV procedure, including both
experimental design and results. The last chapter, Discussion and Conclusions, presents a
summary of the results, a discussion of the limitations of the CV*IV procedure and suggestions
for future research. Appendix E, Suggested Applications of the CV*IV Procedure for
Determining the Population Cluster Structure, contains four examples of how to use the CV*IV
procedure and presents outputs which illustrate a range of possible results.

The Need for Methods to Evaluate the Accuracy of Cluster Structures

The Study

This study is the second part of a two-part project. The initial research and development
is described in Statman', Gribben, Harris, and Hoffman (1994) and Statman (1996). The catalyst
for the project was a question, which had both theoretical and practical ramifications for
occupational analysis and classification, posed by researchers at the Army Research Institute
(ARI): What is the occupational structure of Army jobs, known as military occupational
specialties (MOS)? This question is important for Army researchers and occupational analysts
who develop personnel systems and conduct other research to improve the readiness of the force
and the effectiveness and efficiency of the manpower, personnel and training systems that
support the Army’s peacetime and wartime missions.

ARI researchers expressed three specific concerns underlying their question about the
structure of Army occupations. First, the Army has two separate classification systems for
grouping MOS into larger categories: the Aptitude Area (AA) structure and the Career
Management Fields (CMF). These occupational groupings contain different numbers of MOS
clusters (9 for the AAs and 35 for the CMFs) and are not entirely consistent. Tables 1 and 2
present the two occupational structures. Appendix A lists the MOS investigated in this project

lThe first author recently changed her name to Lightfoot and is the first author of the present report.
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and their AA and CMF classifications. The AA structure groups MOS according to similarities
in ability requirements for selection of recruits into the Army and assignment into specific jobs.
The CMF group jobs into career ladders that guide training and promotion decisions. Statman et
al. (1994) describe the development of the AA and CMF structures. The first question posed by
ART’s researchers was whether the differences in the two occupational structures were valid,
reflecting real distinctions in their operational uses.

Table 1. Army Aptitude Areas

¢ Combat Infantry, Armor, Combat Engineer
¢ Field Artillery Field Cannon and Rocket Artillery
* Electronics Repair Missiles Repair, Air Defense Repair, Tactical Electronic

Repair, Fixed Plant Communications Repair

¢ Operators and Food Missiles Crewman, Air Defense Crewman, Driver, Food
Services

 Surveillance and Communications Target Acquisition and Combat Surveillance,
Communication Operations

¢ Mechanical Maintenance Mechanical and Air Maintenance, Rails

¢ General Maintenance Construction and Utilities, Chemical, Marine, Petroleum

¢ Clerical Administrative, Finance, Supply

+ Skilled Technical Medical, Military Policeman, Intelligence, Data Processing,
Air Control, Topography and Printing, Information and
Audio Visual

Source: Maier & Fuchs, 1972.




Table 2. Enlisted Career Management Fields

o

Administration

Recruiting and Reenlistment
Public Affairs

Bands

Aircraft Maintenance
Aviation Operations

Civil Affairs

Electronic Maintenance and Calibration
General Engineering
Chemical

Topographic Engineering
Medical

Mechanical Maintenance

Electronic Warfare/Intercept Systems
Technology

Military Intelligence

Signals Intelligence/Electronic
Warfare Operations

Military Police

Infantry

Combat Engineering

Field Artillery

Air Defense Artillery

Special Forces

Armor

Air Defense System Maintenance

Land Combat and Air Defense System
Direct and General Support Maintenance

Psychological Operations

Visual Information

Signal Maintenance

Signal Operations

Record Information Operations

Ammunition

Supply and Services

Petroleum and Water

Food Services

Transportation

Source: Headquarters, Department of the Army, 1992.




The second concern was that several different Army occupationai structures had been
constructed in recent research projects. These structures differed from the two operational
structures and from each other. For example, Hoffman (1987) and Rosse, Borman, Campbell,
and Osborn (1983), developed a 23-job family structure as the first step in a large selection and
classification study, known as Project A. In contrast, Johnson and Zeidner (1997) suggested that
66 job families provide significantly higher levels of selection and classification efficiency (in
both statistical and practical terms) than smaller structures with 16 or 25 job families. ARI
questioned the differences between the operational and empirically-based occupational
structures, and among the empirical job families.

The final concern addressed the implications of recent political and technological changes
for the design of Army jobs. The structure and processes of Army MOS have begun to change
because of the redefinition of the post-Cold War mission of the U.S. military Services, the
increased use of high technology equipment, and advances in telecommunications. These events
have led ARI researchers to ask whether the Army’s current occupational structure will be
adequate in the twenty-first century, and whether industrial/organizational psychology (/O
psychology) has reliable and valid techniques for evaluating job design, and, if necessary, for
restructuring jobs.

This series of questions guided the initial research and development of the CRVM, which
is reported in Statman et. al. (1994) and Statman (1996).

The Problem

Statman et al. (1994) provide a review of job family research in private industry and in
the military. Their overall conclusion was that the structure of occupations varies as a function
of three variables:

. the purpose of the research or the operational application (e.g., employment test
' validation, structuring of career ladders, development of performance appraisal systems,
design of training) (Pearlman, 1980);

. the type of data used to create the occupational structures (e.g., tasks, aptitude
requirements, global duties and responsibilities) (Colbert & Taylor, 1978; Taylor, 1978;
Taylor & Colbert, 1978; Ballentine, Cunningham, & Wimpee, 1992; and Reynolds,
Laabs, & Harris, 1996; and

. the technique for grouping data (including rational methods like the Q-Sort technique and
empirical procedures like Ward’s hierarchical cluster analysis, k-means partitioning, and
others) (Zimmerman, Jacobs, & Farr, 1982; Harvey, 1986; Garwood, Anderson, &
Greengart, 1991).

Additionally, the researchers found that there are no generally accepted methods for
validating occupational structures. Most published occupational classification projects included
some type of external validation of job structure, but often validity was based on researcher




judgement. Few studies examined reliability (Zimmerman, et al., 1982). Statman et al. (1994)
concluded that the absence of empirical validation studies for occupational structures is largely
due to the unavailability of statistical techniques for clustering procedures. They proposed a
three-stage model, the CRVM, for measuring the accuracy of cluster structures and
recommended that statistical hypothesis testing techniques be investigated. Statistical tests of
cluster accuracy are rarely part of clustering techniques and validation methods because little is
known about the population distributions of the indexes in data appropriate for clustering.
Although the CRVM was developed as a technique for I/O psychologists and occupational
analysts, it is a general approach to the problem of clustering data and can be used in other social
and physical sciences with a broad range of data types. The CRVM consists of three procedures
that measure:

* internal validity,
» reliability (or consistency), and
¢ congruence of cluster structures.

The design of the CRVM was based on a review of the cluster analysis and numerical
taxonomy literatures. It is a compilation of procedures and indexes that have been developed and
tested with synthetic data bases (Hubert & Arabie, 1985; McIntyre & Blashfield, 1980; Milligan,
1981a; Milligan & Cooper, 1985; Milligan & Schilling, 1985; Milligan, Soon, & Sokol, 1983).
We modified some of the procedures in this project and added a statistical technique for testing
hypotheses. Our general approach was suggested by Jain and Dubes (1988) and others (Milligan,
1980; Milligan, 1981b; Milligan & Cooper, 1987), but to our knowledge it has not been
developed and evaluated with empirical data until now.

Overview of the Cluster Reliability and Validity Method (CRYM)

Cluster analysis is a data reduction technique and a research tool for understanding the
latent structure of empirical data in many basic and applied science disciplines (e.g., biology,
marketing, geophysics, medicine, meteorology, anthropology, geography, and psychology). At
present there are no comprehensive, statistically-based procedures for evaluating the reliability
and validity of cluster structures. Thus, cluster analysis is limited to being, for the most part, an
exploratory data analysis technique. The CRVM was developed to fill this gap.? It integrates
separate strands of cluster validation research by including measurement of the three basic
concepts of cluster structure accuracy, which we define below.

Internal validity. The measurement of the internal validity of the cluster structure of a set
of observations or objects involves identifying the number and composition of clusters that
provides the best representation of the underlying relationships among the objects (Jain & Dubes,

There is only one widely available commercial clustering statistic, SAS's Cubic Clustering Criterion (CCC). However, that
procedure is limited to internal validation and can be used with only a fairly narrow range of data types (i.e., orthogonal
variables). Further, the CCC is quite difficult to evaluate and has no intuitive meaning or interpretation. In comparisons of CCC
against Hubert’s gamma, the internal validity index used in this project, Gamma was much easier to interpret (Statman et al.,
1994). An independent study by Milligan (1981) found that Gamma was more accurate than CCC.
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1988; Milligan, 1981a). This has been called the fundamental problem in cluster analysis, and
should be the first step in evaluating the quality of a cluster solution obtained by empirical or
rational means.

Consistency and reliability. The consistency or reliability of a cluster structure is its
stability across alternative samples or clustering methods. Consistency analysis is a replication
method for evaluating whether the observed cluster structure is a good representation of the
population cluster structure. The limitation of replication studies is that a negative finding
provides little or no information about the sources of inconsistency (Milligan & Cooper, 1987).

Congruence of cluster structures. Measurement of the congruence of cluster structures
involves evaluating the overlap of structures obtained from different sources of data. This type
of external comparison in occupational research is often limited to evaluating the overlap of new
clusters with existing operational job groupings, or with other cluster structures based on
different job descriptors. For example, it may be important in developing a training program for
a new piece of equipment to compare the groupings of tasks according to both the abilities
required to perform them successfully and how difficult or important the tasks are. Although an
external comparison or measurement of congruence is not a validation, it provides diagnostic
information about the extent of change that could be expected by substituting new clusters for
preexisting ones, or about the similarities and differences in the definitions of job structures
based on different dimensions of work (e.g., tasks, behaviors and aptitudes).

A fourth component of cluster validation is the evaluation of a cluster structure against
an external criterion. This process was excluded from the CRVM because it must be specifically
tailored in each situation to address the purpose for which the classification is being used.
External validation is an important step in applied research when the clusters will be used in
decision-making. The external criterion should be the effectiveness of the cluster structure for
accomplishing some operational purpose, e.g., grouping similar jobs together for development of
a performance appraisal system (Sackett, 1988).

Overview of the Cross-Validation and Internal Validity (CV*IV) Procedure

We conducted initial tests of the CRVM procedures and indexes in Statman et al. (1994)
and Statman (1996). The results showed that the techniques were feasible for use in basic and
applied research and that the outputs were easy to interpret. In this study we developed a single
CV*IV procedure that measures both consistency across samples (i.e., cross-validation
consistency) and internal validity, and includes a statistical procedure for testing hypotheses. The
general form of the hypothesis test in the CV*IV procedure is the following:

Ho: the structure of the population is random (i.e., there are no clusters); and _
Ha: there are clusters in the population.

The CV*IV procedure can be used for examining a range of cluster structures to select
the one with the best fit to the data. In addition, it may also be used to informally examine the




significance of a single cluster structure (derived on some rational basis by the user). However,
the latter application does not exactly fit the test problem described above as will be explained in
the next section.

We designed the CV*IV procedure to test the null hypothesis of no clusters with a Monte
Carlo procedure that generates 100 or more random samples (with either multivariate normal or
uniform distributions). Our approach is to cluster the empirical sample and each of the 100 or
more synthetic random samples separately. We then calculate a cluster reliability and validity
index for each sample. We plot the distribution of indexes for the random samples and overlay
the empirical index on this plot. Using a probability value of .05 for making a Type I error, we
reject the null hypothesis of no clusters in the population, in favor of the alternative hypothesis of
clusters, if the empirical value appears in the top five percent of the synthetic sampling
distribution. In other words, if the value of the empirical cluster index is in the top five percent
of the sampling distribution, we conclude that there is less than or equal to a 5 in 100 chance of
finding a significant cluster structure in the sample when the population contains no clusters. We
assume that the number and content of clusters found in the sample is the best estimate of the
population cluster structure.

The remainder of this report describes the CV*IV procedure, and presents our empirical
validation of it. Appendix E describes some uses of the CV*IV procedure for different types of

clustering problems.




METHOD
Description of the CV*IV procedure

The CV*IV procedure is a method for using sample data to investigate whether the
population contains clusters, and, if so, how many and what their content is. The number and
content of the clusters obtained in the sample is considered to be the best estimate of the
population cluster structure. The CV*IV procedure produces a cross-validated estimate of
internal validity. If the CV*IV index is not significant, then we conclude that the population
does not contain stable, internally valid clusters. If the index is significant, then we conclude that
the cluster structure is internally valid and stable.

The CV*IV procedure was designed to select the cluster structure that provides the best
fit with the data® from among a range of alternatives with 2 to n-1 clusters, where n is the number
of objects or observations being clustered in cross-samples. Note that as the number of clusters
in a structure changes, the content of the clusters also will change. Both the number and content
of the clusters in alternative solutions impact the CV*IV results. The hypothesis test for this
application of the CV*IV is:

H,: the population is randomly distributed (i.e., there is no cluster structure in
the population);
H,: the population contains between 2 and n-1 clusters.

Another potential way to use the CV*IV procedure is to test whether a specific number of
clusters and configuration of objects within clusters reflects the population structure. This
hypothesis test should not be employed unless the user has a well-justified rationale for choosing
a specific number of clusters. We cannot interpret results based on this analysis in the same
fashion as in the hypotheses testing problem given above. We tentatively suggest the following
hypotheses:

H .

0

the population is randomly distributed;

H .

a°

the population consists of k clusters.

We do not recommend using the CV*IV procedure for the second type of analysis except
under special circumstances. We mention it here because we suspect that users will be tempted
to form this type of research question and we want to raise the problems from the start.

3 The data are represented by the proximity matrix used in the clustering algorithm.
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The difficulty with the second approach to identifying cluster structure is that several
structures can be statistically significant--but not optimal. In other words, if there is a non-
random cluster structure in the data, then a range of numbers and configurations of clusters will
probably be statistically significant, but only one structure will provide the optimal fit. For
example, say the population has 6 clusters. Chances are that 4-, 5-, and 7-cluster structures will
provide better than random fits with the data. This will result in significant CV*IV index values
for 4- to 7-cluster solutions. However, the value of the CV*IV index will be highest for the 6-
cluster structure.

If the user does not examine a range of cluster structures, which differ in the number and
configuration of clusters, then he or she might select a significant, but non-optimal structure.
This might be all right under certain circumstances, e.g., when the constraints of the situation for
which clusters are being formed requires a certain number of reliable, valid (although not
necessarily optimal) clusters.

The most serious problem arises if the user's educated guess about the number of clusters
is way off the mark as in the 9-cluster example presented above. Again, we do not recommend
the second hypothesis testing procedure, except when the user has a sound rational basis for
believing that a single cluster structure may fit the data, because more than one cluster structure
can be statistically significant--but not optimal.

The CV*IV Index: Hubert's Gamma

Milligan (1981a) and Milligan and Cooper (1985) examined the properties of 30 indexes
for measuring the internal validity of cluster structures and selecting the optimal number of
clusters. Hubert's Gamma was among the best in a range of conditions. We selected this index
for the CV*IV procedure for this reason and because it is easy to interpret.

Gamma is an intuitively pleasing measure of internal cluster structure validity because in
standardized form it is the sample correlation between the cluster structure matrix and the
proximity matrix for a set of objects (Jain & Dubes, 1988). In other words, Gamma measures the
goodness of fit between the groupings of objects in the cluster solution and the numerical
estimates of proximity or distance (squared Euclidean distance in this procedure) between all
possible pairs of objects.

The numerator of Gamma is the difference between consistent cluster memberships and
inconsistent memberships for all pairs of objects. A consistent pair of objects occurs when
objects that are assigned to the same cluster have smaller distances than objects assigned to
different clusters. Inconsistency occurs when objects in the same cluster have larger distances
than objects in different clusters. The denominator is the total number of unique object pairs, or
n(n-1)/2, where n is the number of objects. )




Gamma ranges in value from -1 to +1, and is corrected for chance matches in the two
matrices. Values of Gamma are quite easy to interpret. Gamma is 1.0 when a cluster solution is
perfectly consistent with the underlying data matrix, and 0.0 when pairs match by chance. In
other words, a value of 0.00, or fairly close, means there is no relationship between the cluster
structure and the proximity matrix. A Gamma of 1.00, or close to it, indicates a strong
congruence between the cluster structure and the underlying proximity matrix.

When an empirical clustering algorithm is used, the range of Gamma is 0.00 to +1.0,
because these algorithms are optimization routines designed to maximize the similarity among
objects in a cluster according to some mathematical definition of similarity (e.g., minimizing the
within cluster variance, or the average distance among objects within each cluster). Gamma will
rarely, if ever, be 0.00 because empirical clustering algorithms identify weak patterns in any data
set, including random data.

Negative values of Gamma could be obtained by chance if objects were randomly
assigned to clusters. A negative value could also appear if a rational grouping strategy were used
where judges were instructed to maximize the heterogeneity of objects in the clusters. However,
the utility of such an exercise would be highly questionable.

How the CV*IV Procedure Works

The CV*IV procedure is a modification of a cross-validation procedure developed by
MclIntyre and Blashfield (1980). The MclIntyre and Blashfield procedure measures cross-sample
stability and the accuracy of a cluster structure in representing the “true” population structure of
synthetic data. The main limitation of the McIntyre and Blashfield procedure is that it does not
provide a measure of accuracy for real data. We think the CV*IV procedure is an improvement
over the original method because it measures both cross-sample reliability and internal validity
(i.e., the goodness of fit between the cluster structure and the proximity matrix from which it was
derived). Internal validity is a method of measuring accuracy for real data.

The CV*IV procedure for selecting the optimal cluster structure has eight steps. Table 3
presents a quick reference guide to the steps. A more detailed description of the process is also
provided.
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Table 3. Quick Reference Guide to the CV*IV Procedure.

Step 1.
Step 2.
Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Randomly divide the total sample into Cross-Samples A and B.

Cluster Sample A.

Use Sample A centroids to cluster Sample B.

Conduct Steps 2 and 3 for a range of structures that can vary in the number of
clusters from 2 to n-1, where n is the number of objects or observations in Sample

B.

Select the cluster solution with the highest CV*IV Gamma value and conduct
statistical significance test, based on one of the following hypotheses.

a. To examine a range of cluster structures, test:

H,;: the population is randomly distributed (i.e., there is no cluster structure
in the population);
H,: the population contains between 2 and n-1 clusters.

"b. To examine a single cluster structure, test:

H :

(o]

the population is randomly distributed;

H,:

the population contains k clusters.
Evaluate the significance level of sample gamma and reject or do not reject H,.

If the cluster structure is significant, recombine the cross-samples; cluster the full
sample, forming the number of clusters that was determined to be statistically
optimal; and define the population cluster content based on the full sample.

Conduct additional qualitative and quantitative diagnostic analyses of the cluster
structure in the full sample and make adjustments to the number and content of the
clusters as necessary.
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Step 1: Randomly divide the total sample into cross-samples A and B. We use a 50/50
split. Other divisions are possible (e.g., 60/40, 70/30), although we have not yet investigated the
effects of these alternative splits on the results of the CV*IV procedure.

Step 2: Cluster Sample A. We use the Ward hierarchical cluster analysis (HCA)
procedure because it has performed favorably in numerous studies of occupational data (e.g.,
Alley, Treat, & Black, 1988; Garwood et. al., 1991). Further, the Ward minimum variance
algorithm fits well with the concept of correlation in Hubert's Gamma, our CV*IV index. The
CV*IV procedure can easily be modified to accommodate other clustering algorithms and
internal validity indexes, as long as they are conceptually congruent with the data being clustered
and the validation approach of the CV*IV procedure itself.

Note that it is important to select a clustering algorithm and index of internal validity that
make sense in terms of the data being clustered. Each clustering algorithm represents a specific
mathematical definition of a cluster (Aldenderfer & Blashfield, 1984). This definition must
match the researcher's or user's notion of how the objects in the population of interest form
clusters. For example, the single linkage HCA algorithm forms clusters by adding a new object
to the cluster which contains the object to which the new object is most similar, i.e., from which
it has the smallest distance. In other words, only a single linkage within a cluster is needed to
add a new member. This algorithm tends to form chain-like clusters.

In comparison, the Ward hierarchical minimum variance technique forms clusters that
minimize the within-groups sum of squares or error sum of squares. The Ward method tends to
form spherical clusters of equal size. As another example, the average linkage HCA method
adds an object to the cluster for which it minimizes the average distance between all pairs of
objects. This algorithm produces results that are fairly similar to the Ward method, but it tends
to produce a larger number of clusters--some large and some quite small in size.

The choice of proximity index (either a measure of distance like Euclidean distance, or a
measure of similarity like the correlation coefficient) should also be selected to reflect the
conceptual relationships among the objects. The proximity index (we used squared Euclidean
distance, which is usually the default for the Ward procedure) is computed from the n x p raw
data file, where n is the number of objects (observations) in the cross-sample and p is the number
of variables on which the objects have been measured. The proximity measure indicates the
strength of the relationship between any two objects. The proximity matrix is an n X n matrix.

Step 3: Use Sample A cluster centroids to cluster Sample B and compute the goodness-
of-fit index, Hubert's gamma.

Step 4: If examining several cluster solutions, conduct Steps 2 and 3 for a range of
numbers and configurations of clusters (using a single clustering algorithm). As many as n-2
cluster solutions can be examined in the CV*IV procedure. We exclude 2 cluster solutions, the
single cluster structure and the structure in which each object is a cluster, because these solutions
usually will not be of practical value. The user can also examine any subset of structures within
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the range of 2 to n-1 clusters. If the research has a hypothesis about a specific cluster structure,
then he or she can skip this step, examining only the specific cluster structure.

Step 5: Select the cluster solution with the highest CV*IV Gamma value and conduct a
statistical significance test. Statistical hypothesis tests are typically not available for clustering
algorithms. We developed a procedure outlined by Jain and Dubes (1988), which we describe in
Appendices B and C.

Step 6: Compare the observed sample gamma value to the sampling distribution of
gamma for random data. When choosing the best cluster structure from a set of alternatives, test
the following hypotheses:

H,: the population is randomly distributed (i.e., there is no cluster structure in
the population);
H,: the population contains between 2 and n-1 clusters.

If sample gamma is in the top five percent of the sampling distribution:

. reject H, at p = .05;
L conclude that the best estimate of the population cluster structure is the sample number of
clusters.

If gamma is not in the top five percent of the sampling distribution:

. do not reject H, at p = .05;
° conclude that the data (e.g., tasks, abilities, jobs, etc.) are randomly distributed in the
population; i.e., there is no cluster structure among the objects.

When examining the statistical significance of a specific cluster structure, test these
hypotheses:

H,: the population is randomly distributed;

0

H;:

the population contains k clusters.

Note that no definitive conclusions about the population cluster structure can be drawn
from this analysis.

Step 7: Recombine the cross-samples and recompute the cluster structure for the optimal
number of clusters using all the data in the full sample. The user then conducts a content analysis

and defines or labels the clusters using all of the information in the total sample.

Figure 1 contains sample output from the CV*IV procedure. In this example the user
examines structures with between 2 and 10 clusters in a sample size of 50 (which becomes 25 in
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the cross-samples). The first page of output shows that the 5-cluster structure is found to be
optimal and statistically significant at the p = .01 level. The second page presents the plot of the
observed gamma value against the sampling distribution of gamma values (computed from 100
multivariate random normal samples).

The third output page plots the observed gamma values for all cluster solutions that were
examined (in this case 2 to 10) by the number of clusters. This plot is very useful for
ascertaining whether any of the non-optimal cluster structures had high values of gamma. If so,
chances are some of these values may have been statistically significant, although they were not
the largest. Since there are no statistical procedures at present to place a confidence interval
around gamma for a given cluster solution, the CV*IV procedure includes additional output (see
Step 8 below) that will help the researcher to evaluate whether the differences between two or
more similar cluster structures are practically significant.

Step 8: Conduct additional quantitative and qualitative analysis of the optimal cluster
structure. As mentioned above, more that one cluster structure may be statistically significant in
the sample. We select the structure with the highest sample CV*IV gamma coefficient. At
present there are no statistical procedures for placing a confidence interval around gamma or the
number of clusters. In fact, this problem may be intractable because we cannot estimate the
sampling distribution of Gamma (or other cluster reliability and validity indexes) for different
population cluster structures. Therefore, we think it is important to permit the user to evaluate
alternative structures similar to the optimal structure. The purpose of these analyses is to bring
expert user judgement into the clustering process and to aid this judgement with additional
qualitative and quantitative tools.

Our approach is to compare the optimal k-cluster structure with structures having one
fewer (k-1) or one more (k+1) cluster. We use the Rand (1971) simple matching coefficient, and
a Rand contingency table that compares the object-cluster memberships of two cluster structures,
to perform these analyses.

Tables 4 and 5 present sample CV*IV output for diagnostic analysis of the data in Figure
1. The Rand coefficients and contingency tables for comparison of the optimal 5-cluster
structure with the 4- and 6-cluster solutions, respectively, are provided.

The Rand coefficient measures the degree of overlap between two (binary) cluster
structure matrices. It has values between 0 and 1. We corrected it for chance using the Hubert
and Arabie (1985) correction for chance matching. If two cluster structures have the same
number of clusters (which they will not in our application) and there is a perfect match between
the two structures, the Rand value will be 1. If there is no congruence between the two
structures, then the Rand will be 0.
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Figure 1. Sample CV*IV Output
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Figure 1 continued. Sample CV*IV Output
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Table 4. Comparison of 4- and 5-Cluster Structures for Sample CV*IV Output

Rand Contingency Table Comparing

5-Cluster and 4-Cluster Solutions
CORRECTED RAND = 0.71279%4

4-Cluster Solution
--------------------------- Row

, CLl | CcL2 | CL3 | CL4 |Totals
------------------- AR el LR R T e T
5-Cluster Solution
CL1 15 0 0 0 15
—————————————————————————————————————— e m .- —-—-—-
CL2 0] 10| 0 o 10
------------------ LR EEED Sl bRl Skl R R ]
CL3 o 0| 8 o} 8
------------------ ey etk Ak Rt s D
CL4 0] 0] 0 8| 8
------------------------ b et L
CL5 | 9| 0| 0 0| 9
------------------------ el R e
Column Totals | 24| 10| 8 8| 50

Table 5. Comparison of 5- and 6-Cluster Structures for Sample CV*IV Output

Rand Contingency Table Comgaring
5-Cluster and 6-Cluster Solutions
CORRECTED RAND = 0.960455

“
6-Cluster Solution
----------------------------------------- Row

CL1 CL2 CL3 CL4 CL5 CL6 Totals
-------------------------- R Ry Rl R et il ettt
5-Cluster Solution
CL1 15 0 0 0 0 0 15
-------------------------- B R e R T R s St Rt
CL2 0 10 0 0 o} 0 10
------------------ D R R et T R R R Rk etk
CL3 0 0 8 0 0 0 8
------------------ P L e R R R R r R AR L R T
CL4 0 0 0 5 0 3 8
------------------ R it ettt el ettt Sttt Sttt
CLS 0 0 0 0 9 0 9
------------------ L el it it it et Sl et
Column Totals 15 10 8 S 9 3 50
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Examination of Tables 4 and 5 shows that the 5- and 6-cluster structures are a better
match than the 4- and 5-cluster solutions. The Rand is .96 for the 5-6 comparison and .71 for
the 4-5 comparison. Table 4 shows that Cluster 1 (the largest cluster) in the 4-cluster
structure is split into two fairly equal clusters in the 5-cluster structure. Table 5 shows that
Cluster 4 (note that order of clusters does not matter in computing Rand) in the 5-cluster
structure (a relatively small cluster) is divided into two fairly small clusters in the 6-cluster
solution, making these two structures highly similar.

After examining the table of object-cluster memberships for the 4-, 5-, and 6-cluster
solutions (not shown here), the user would probably reject the 4-cluster structure. However,
the user would have to make an expert judgement, based on knowledge of the data, about
whether the 5- or 6- cluster structure was more useful for his or her purpose.

The final section of this report presents additional examples covering the two
applications of the CV*IV procedure. In addition to the Rand analysis, the CV*IV procedure
provides the following descriptive information on the obtained cluster structure in the full
sample:

object-cluster memberships,

distance of each object from the cluster centroid,
cluster distance statistics,

cluster centroids and standard deviations, and
cluster sizes.

In summary, the CV*IV procedure is a statistical approach for measuring cluster
structure internal validity and cross-sample stability. It tests a sample cluster structure
against a sampling distribution from a synthetic random population. The CV*IV procedure
answers the question about whether the population contains clusters or not. The number of
_ clusters and the cluster composition found in the sample are taken to be the best estimates of
the population cluster structure based on a specific clustering algorithm and set of input data.
It is important to repeat here the findings summarized in Chapter One, that cluster structures
are dependent upon the purpose for the clustering, the type of data, and the definition of a
cluster inherent in a clustering algorithm.

The CV*IV procedure was designed to be a statistical tool to aid the user in making
decisions about cluster structure. However, it should not be the only piece of information
evaluated. The diagnostic analyses provided in the CV*IV procedure are designed to help
the researcher determine the utility of the obtained cluster structure. Other analyses should
also be conducted, €.g., a congruence analysis that compares the obtained cluster solution to
other meaningful structures, if available; and an external validation study. Ideally, an
external validity study should always be conducted to obtain quantitative and/or qualitative
measures of utility for a specific purpose.
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EXPERIMENTAL VALIDATION OF THE CV*IV PROCEDURE
Overview of the Experimental Design

We conducted two separate tests of the CV*IV procedure. The objective of the first
evaluation was to examine whether our Monte Carlo-based statistical test for the Type I Error
actually produced a five percent error rate, as we designed it to do. The objective of the
second evaluation was to examine the power and precision of the CV*IV procedure in
samples of real data having an a priori defined cluster structure.

Validation of the Type I Error Rate in CV*IV Statistical Procedure

The purpose of this set of analyses was to evaluate how well actual Type I error rate is
preserved by our Monte Carlo procedure. The Type I error is defined as rejecting the null
hypothesis when it is true. For the CV*IV procedure, a Type I error would be to conclude
that the population contains clusters when it does not.

Method for Evaluating the Type I Error Rate

To evaluate the Type I error we created a synthetic population data base that was
known to be random (i.e., without clusters). We could not conduct this analysis with our test
bed data set, which was the finite population of Army jobs (MOS), because, as we describe
below, we assumed the Army population contained a 6-cluster structure.

We used the Monte Carlo simulation technique described in Appendix B to create two
random population data bases. One random population was multivariate normal; the other
was multivariate uniform. Our Monte Carlo procedure produced synthetic random data with
either a normal or uniform distribution and the same statistical properties (i.e., means and
variance-covariance matrix for the normal population, and means and ranges for the uniform
population) as the real data. Our synthetic random populations had the same number of
objects (N) and variables (p) as the Army finite population data base.

Our approach was to repeatedly sample from the synthetic random populations and to
use those samples of random data as the observed samples in the CV*IV procedure. We
conducted the experiment separately for the multivariate normal and uniform random
populations. In both cases we selected 50 samples of size 50 from the population. Since the
sample sizes were small, N = 50, the test of the actual p-value of the CV*IV procedure was
more stringent than if moderate or large samples had been used. For each repeated
application of the CV*IV procedure, the null and alternative hypotheses tested were the same
as usual, i.e.,
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H,:

the population is random (no clusters), and

H,:

the population has clusters.

To evaluate the actual Type I error rate in this validation procedure we repeatedly
sampled from the same finite random population. Therefore, each time we rejected the null
hypothesis (p-value < .05), we were actually committing a Type I error. An estimate of the
actual Type [ error rate was provided by the proportion of samples that led to rejection of the
null hypothesis. If the CV*IV was performing at the desired significance level, say .05, we
expected this proportion to be close to .05.

To formally evaluate if the observed Type I error rate of the CV*IV procedure with
significance level .05 may be reasonably obtained, we use a two-sided Z-test with null and
alternative hypotheses as follows:

Ho:a=.05 vs Ha:a#.05
The test statistic in this case would be:
Z = (p-.05)/V(.05x.95/50)
where p is the observed Type I error rate in repeated samples.

In essence, what we have done in this validation of the Type I error is to conduct a test
of proportion on the Type I error rate observed from the CV*IV hypothesis testing procedure
in the repeated samples. Not rejecting the null hypothesis of Ho:a=.05 indicates that the
CV*IV procedure is performing reasonably using the Type I error rate at level .05.

Results of Evaluation of the Type I Error Rate

Table 6 presents the results of the test of proportion analysis described above. We
observed that in 2% of the repeated samples (1 out of 50), the CV*IV procedure incorrectly
rejected the null hypothesis of randomness at .05 significance level. We computed the Z-value
of p = .02 using the formula shown above and obtained -0.97. The p-value for Z = -0.97 fora
two-sixed test is 0.3320. Therefore, we cannot reject the null hypothesis that the true Type I
error rate of the CV*IV procedure is .05.
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Table 6. Hypothesis Test Results for Type 1 Error

Observed Proportion p 0.02

Z-value -0.97

p-value 0.3320
Conclusion Do Not Reject Null

We only present the analysis for the multivariate random normal population in Table
6. The results for the uniform population were comparable. Thus, we concluded that our
CV*IV Monte Carlo statistical test preserves the desired Type I error rate of .05.

Analysis of the Power and Precision of the CV*IV Procedure

The purpose of these analyses was to evaluate the accuracy of the CV*IV procedure
in real data having a known cluster structure. We developed the CV*IV procedure to
overcome two weaknesses of current cluster analysis technology.

Our first objective was to implement a method for measuring cluster structure
reliability (consistency) and internal validity in real data. Most cluster reliability and validity
techniques have been developed and tested in synthetic data. Therefore, their utility for
analysis of real data is limited at best. Our second objective was to develop a statistical test
for the reliability and validity procedure so that cluster analysis techniques could be moved
from the realm of exploratory data analysis to the domain of inferential statistics.

In the validation of the statistical test described above, we examined the accuracy of
the CV*IV procedure concerning Type I errors. Now we turn to the accuracy of the CV*IV
in detecting cluster structure when it is there (i.e., in the population). Since we designed the
CV*1V procedure for use with real data, we decided that it must be validated in real data.
However, this presents two problems. It is rarely possible to obtain real population data and
it is usually impossible to know the structure of the population. We were able to address
these two problems because we had access to the finite population of Army jobs, which is
described below. ’

The Army population data base was compiled in the Joint Service Job Performance
Measurement Project (Harris, McCloy, Dempsey, Roth, Sackett, & Hedges, 1991), which
included entry-level military jobs across all four Services. Harris, McCloy, Dempsey,
DiFazio and Hogan (1993) used the Army jobs in a subsequent study of alternative selection
and classification models. Only the Army jobs were examined in the present study.

Job descriptors were obtained for 263 Army MOS using job analysis information
from the Dictionary of Occupational Titles (DOT) (Harris et al., 1991). The DOT data base
of occupational codes and job analysis ratings on 44 items was obtained for civilian jobs
from the National Technical Information Service (U.S. Department of Labor, 1977). These
Jobs were matched to all entry-level Army jobs in existence in the mid-1980's using a
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military-civilian crosscode data base (Lancaster, 1984; Wright, 1984). Several MOS, e.g.,
many electronics jobs, received identical descriptors because the civilian job structure was
not as differentiated as the Army MOS.

The 44 DOT items cover worker functions (the DOT data, people, things scales),
training time, cognitive aptitudes, temperaments, interests, physical demands and working
conditions. We reduced the items to four Army-specific orthogonal principal components,
rotated to varimax simple structure. The principal components accounted for about 50
percent of the variance in the job descriptors and were labeled: 1) working with things, 2)
complexity, 3) work environment, and 4) dealing with people and stressful working
conditions. This DOT data base was considered to be the population of Army jobs at data
collection in the late 1980's.

Method for Determining the Power and Precision of the CV*IV Procedure

Determining the cluster structure of the population in real data. Our method for
determining the structure of the Army population of 263 jobs was to apply the Ward HCA
technique, which we use in the CV*IV procedure, to construct cluster structures containing
from 2 to 262 clusters, based on the DOT data. We computed the Gamma coefficient for
each structure and selected the structure with the highest Gamma.

Figure 2 shows the plot of Gamma by number of clusters. Appendix D, Table 1,
shows the values of Gamma for structures with 2 to 262 clusters. The 6-cluster solution
provided the best fit with the population proximity matrix. However, the Gamma for the 5-
cluster structure was very similar. To supplement our internal validity analysis we also
examined the Rand values for comparison of the 5- and 6-cluster structures to the 4-, 7- and
8-cluster structures (see Appendix D, Table 2), and the Rand contingency table for the 5-6
cluster comparison (see Appendix D, Table 3). We also compared the 5- and 6-cluster
structures in terms of cluster content, centroids, and distances (see Appendix D, Tables 4 and
5).

Based on these analyses, we decided that the 5- and 6-cluster structures were
equivalent and that they best described the population cluster structure. The main difference
between the two solutions was that the larger structure split combat jobs into a separate
cluster. These jobs differed from the larger category of unskilled jobs only on the third
factor--inside or outside working conditions.

We expected that if valid, the CV*IV procedure would tend to identify 5- or 6- cluster
structures as optimal in samples under a range of conditions. We tested this hypothesis in the
analyses which follow.
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Figure 2. Plot of Gamma Values by Number of Clusters in the Population

Evaluation of the Power and Precision of the CV*IV Procedure. We defined the power
of the CV*IV statistical test as the percentage of sample results having a significant cluster
structure (irrespective of the number of clusters selected as optimal) in repeated sampling

from the Army population.

We defined precision as the proportion of sample results having a 5- or 6-cluster structure
and varied the experimental conditions along two dimensions: sample size and null
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hypothesis. Sample size ranged from 50 to 100 and 150 before division into cross-
validation samples. Two null hypotheses were investigated: the multivariate random
normally distributed population and the multivariate random uniformly distributed
population. Our hypotheses were that the CV*IV procedure would be more precise with
large as opposed to small samples, and that the normal hypothesis would be easier to reject
than the uniform null hypothesis.

These hypotheses were tested with a loglinear analysis, which included a third variable,
number of clusters identified as optimal in a particular sample by the CV*IV procedure.
We conducted 50 replications in each of the six experimental cells, for a total of 300
replications. Each replication entailed selecting a random sample from the finite
population of Army jobs and using the CV*IV procedure to select the best cluster
structure.

Results of Analysis of Power and Precision

Table 7 contains the results for the 300 samples (experimental observations). Between 0%
and 14% of the sample CV*IV analyses led to "acceptance"” of the null hypothesis of a
random population without clusters. The inability to reject the null hypothesis of no
cluster structure, when the population is known to contain clusters, is a Type Il error. The
inverse of the probability of making a Type Il error is referred to as the power of the
statistical test. The power of the test indicates the ability to detect nonrandom effects when
they exist in the population. We found that the power of the CV*IV procedure ranged
from 86% for sample size 50 to 100% for sample size 150 for both normal and uniform
null populations.

The range of cluster structures selected as optimal by the CV*IV procedure across all
samples was 2 to 10, with 63% of the observations producing structures with 5 or 6
clusters. The 5-cluster structure was selected more often than the 6-cluster structure,
although the 6-cluster structure was optimal in the population. As mentioned above, the
Gamma values for the 5- and 6-cluster structures in the population were very close. The
Rand matching coefficient between the two structures was .95 in the population.

Examination of the Rand contingency table in Appendix D shows that the additional
cluster (Cluster 2) obtained in the larger structure had relatively few jobs (17) compared to
the number of jobs (41) in the most closely related cluster (Cluster 1). Upon sampling,
very few of the Cluster 2 jobs would be selected. Consequently, their effect in the
clustering procedure would be fairly weak. Most of the time these few jobs would be
grouped in with the larger set of unskilled labor jobs, thus, resulting in a 5-cluster solution
in samples.
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Table 7. Results for Empirical Power Analysis of CV*IV Procedure

Summary of OTtimal N-Cluster Solutions
Using 50 Replicates of Sample Size 50
Normal and Uniform Null Distribution

No Uniform

. Normal | Uniforg
Distribution { Distribution

Summary of Optimal N-Cluster Solutions
Using S50 Replicates of Sample Size 100
Normal and Uniform Null Distribution

Distglbution DistglbagTon

Total | $ | Total | s
e R i attts SR e
Clusters
1T 1 2.00
3T ol ol T 2| "4.00
a T 3 6.00] 9 18.00
s T 27| sa.00] 19 38.00
6 | 71" 14.00] 9] "18.00
7T 10| 20.00] al * 8.00
s | 3 Tel00] 4 8.00
I o 1 2.00
ECN ) ] Y M|
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Table 7 continued. Results for Empirical Power Analysis of CV*IV Procedure

Summary of Optimal N-Cluster Solutions
Using 50 Replicates of Sample Size 150
Normal and Uniform Null Distribution
I 70 U Normal. | _ uniform |
Distribution Distribution
Total % Total %
No. of
Clusters
4 3 6.00 5 10.00
5 21 42.00 21 42.00
6 18 36.00 19 38.00
7 12.00 6.00
8 4.00 1 00
9 0 0 1 2.00

Although the sample results across 300 replications of the CV*IV procedure show
that it is highly accurate, the findings also demonstrate the need for user judgement in
deciding upon the final number and configuration of clusters for a given research or applied
purpose. Since we are working with real data that contain complex relationships among the
objects being clustered, including overlapping clusters as we found for the Army population,
there may not be one best cluster structure. Further, since statistical procedures for setting a
confidence interval around the number of clusters do not exist at this time, we must use
expert judgement to evaluate the optimal cluster structure for a given purpose.

Table 8 presents the means, medians, modes, and standard deviations of the sample
results by sample size and statement of the null hypothesis. The 5- and 6-cluster structures
were selected most often across all conditions with very little variance. Table 9 shows the
results of the loglinear analysis. Sample size and null hypothesis did not significantly impact
selection of the optimal cluster structure. However, there was a significant interaction of
sample size and number of clusters (k). As sample size increased, the range of k decreased
from 2 -10 for small samples to 4 - 9 for large samples. Further, the percentage of samples
with optimal 5- and 6-cluster structures increased from 50% for small samples to 78% for
large samples. Table 10 shows the percentage of samples for which 5- or 6-cluster structures
were obtained by sample size, and the range of cluster structures obtained by sample size.
Note that Table 10 also shows these results for the full population (which was divided in half
upon cross-validation), but that they were not included in the loglinear analysis.

26




Table 8. Average Number of Clusters in Optimal Solution by Sample Size and Null
Distribution

Summary Statistics for Number of Clusters
Corresponding to Optimal Cluster Structure Solution
Total of 300 Replications

Number of Clusters

""N "] MODE |MEDIAN| MEAN | STD

Distribution |sample sSize | | | 17777
Normal | so 50 5 s| s.88| 1.78
100 777750l s 5]775766] 1.06

1s0 17750 " 51777776] T5.66] 0.92

Uniform | so | so| 517777 6] 75774] 1791
100 CTTTTTYTTTse] T TTE]T TS| Tssal 149

150 50 5 5| 5.54] 0.97

Table 9. Log-Linear Analysis

MAXIMUM-LIKELIHOOD ANALYSIS-OF-VARIANCE TABLE

Source DF Chi-Square Prob
NCLUSTER 5 96.00 0.0000
SAMPSIZE 2 0.54 0.7651
NCLUSTER*SAMPSIZE 10 21.88 0.0158
LIKELIHOOD RATIO 17 11.99 0.8005

Table 10: Percentage of samples by sample size and range of clusters

Correct k (5/6) selected

o 50% of the time w/N = 50
. 68% of the time w/N = 100
o 78% of the time w/N = 150
. 94% of the time w/N = 263

Range of k decreased as N increased

N=350 C(k=2-10)
N=100 (k=3-10)
N=150 (k=4-9)
N=263 k=2-1

e & © o
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DISCUSSION AND CONCLUSIONS

We derived five major conclusions from the validation of the CV*IV procedure.
First, analysis of the Type I error rate for the CV*IV statistical procedure demonstrated that
the statistical test has high fidelity. Second, the power of the CV*IV procedure was also
quite high (between 86% and 100%). Third, as expected in sample-based procedures, the
precision of the CV*IV technique varied with sample size. However, it was still quite
accurate in very small samples, with 50% of the replications producing 5- or 6-cluster
structures. This rose to 78% with large samples. Fourth, we concluded that the model of
randomness, whether multivariate normal or uniform, did not affect the clustering results.

Finally, we found that the CV*IV procedure provides useful diagnostic information
for comparisons of the optimal cluster structure with alternative structures. This allows the
user to incorporate expert judgement into the process of selecting the best possible cluster
structure.

Limitations of the CV*IV Procedure

The CV*IV procedure has two major limitations. The first is that measurement of
internal validity and cross-validity are confounded in the technique. Hubert’s Gamma
(corrected for chance) is used as a measure of internal validity in the CV*IV procedure since
it is the correlation between the Sample B distance matrix and the Sample B cluster matrix.
However, the cross-validation procedure, in which Sample A is clustered and the centroids
are used to begin the clustering process for Sample B, introduces sample variance into the
value of Gamma. If Hubert’s Gamma were computed in the full sample (without cross-
validation), it would be a simple function of internal validity and would be larger in
magnitude than Gamma based on the CV*IV procedure, which reflects both internal validity
and cross-sample differences. We developed the combined CV*IV procedure for a practical
reason--for a practical reason, to provide the user with a single-stage method of developing
reliable and internally valid cluster structures.

The second limitation is more serious and applies to the state-of-the-art of clustering
procedures in general. Since we do not know the sampling distributions of cluster indexes in
populations with cluster structures of given sizes and configurations, we cannot set a
confidence interval around an optimal cluster structure. Consequently, we cannot use the
CV*IV procedure to make fine distinctions between two cluster structures that vary only by a
small number of clusters.

We attempted to partially address this problem by developing a set of quantitative and
qualitative diagnostic procedures based on the Rand simple matching coefficient. The
purpose of these procedures is to provide the user with decision-making tools when two or
more cluster structures are very similar, as they were in this study.
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Future Research

Since the study of cluster validation techniques (especially those that include
statistical hypothesis testing procedures), is relatively new, there are many interesting
unanswered questions and opportunities for developing new measurement techniques. We
suggest a program of research that includes the creation of new cluster validation methods
and the exploration of statistical questions.

Development of new cluster validation methods. Although the combined cross-
validation and internal validity procedure we described in this report confounds the two
estimates of cluster accuracy, this approach may capitalize on the strengths of each
procedure. However, we would like to develop a technique that separates cross-sample
stability and internal validity. A comparison of the confounded and separate methods would
be useful. We would also like to see the development of statistical cluster congruence
estimation procedures, including those that measure consistency across clustering algorithms.
Other areas of research include testing the CV*IV procedure on different data bases, both
within and outside of I/O psychology.

Statistical questions. Possible areas of research include: developing different
procedures for generating synthetic sampling distributions (e.g., Bootstrap and Jackknife
techniques and alternative Monte Carlo procedures); exploring other null distributions (e.g.,
the Poisson distribution); and investigating the distributional properties of Hubert's Gamma.

In conclusion, we have found the study and development of statistical cluster
validation techniques to be a fascinating enterprise. Almost every time we tackle a new part
of the project, many more theoretical, methodological or practical questions arise than we are
able to resolve. This state of the science and technology of numerical taxonomy should keep
researchers supplied with research opportunities well into the future.
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APPENDIX B
THE DESIGN OF THE CV*IV STATISTICAL HYPOTHESIS TEST

The problem with statistical analysis of cluster structures is that little is known about the
distributions of objects in the population and the concomitant distributions of cluster reliability
and validity indexes. Consequently, several researchers (Jain & Dubes, 1988; Milligan, 1980,
1981a; Milligan & Cooper, 1985) recommend using Monte Carlo procedures, which create
synthetic samples with given random population distributions, to provide the basis for statistical
hypothesis tests. Note that at present the problem of constructing confidence intervals around
cluster reliability and validity indexes, and the associated number of clusters, is intractable. This
is because we know even less about the shapes of clusters in different data bases and the
distributions of indexes for given numbers of clusters.

In designing the CV*IV procedure we assumed that both a multivariate normal
distribution and a multivariate uniform distribution were valid models of randomness for many
types of data in the social and physical sciences. Therefore, we developed separate statistical
tests for each null hypothesis of randomness. The null hypotheses for the models are the
following:

H,: the population is multivariate normally distributed (i.e., there is no cluster
structure in the population); or

H,: the population is multivariate uniformly distributed (i.e., there is no cluster
structure in the population).

In both cases the alternative hypothesis is:

H,: the number of clusters in the population structure is within the set {2 to n-
1 clusters}, where n is the number of objects in the cross-samples.

It may also be possible to use the CV*IV procedure to explore an alternative hypothesis
about a specific cluster structure. We describe when this alternative hypothesis can be applied
and why it should be used with care in the method.

The Monte Carlo random sample generation technique creates n x p matrices, where n is
the number of objects in the cross-samples and p is the number of variables on which the objects
are measured. Jain and Dubes ( 1988, pp. 158-159) provide a formula for determining the
number of Monte Carlo samples that is adequate to obtain given probabilities of making a Type I
eITor.

We selected a significance level of .05 because we felt that level would give us the proper
balance between the probability of a Type I error and the power of the test. According to the
above mentioned formula, 100 Monte Carlo samples should provide an actual Type I error rate
that is reasonably close to the desired level of .05. We tested this with synthetic multivariate
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normal and uniform samples and found the Monte Carlo sampling distribution procedure to have
high fidelity. The validation method and results are presented in the body of the report.

Appendix C presents the rationale for the statistical procedure and a proof that the p-value
for the test is alpha.

To create the multivariate random normal distributions we use the Cholesky
decomposition matrix to represent the variance-covariance structure of the empirical sample
(which we assumed to be a good representation of the population). We then impose the sample
variance-covariance structure on an n X p matrix of random normal deviates. We use a similar
approach for creating the distributions of n x p orthogonal uniformly distributed deviates with the
same means and ranges as those of the empirical sample. We generate 100 or more synthetic
random samples for each model--normal and uniform. Each synthetic random sample is
clustered using the CV*IV procedure, and the first 100 samples that produce the highest gamma
value for the same number of clusters as obtained in the empirical sample are retained.

The statistical hypothesis test is carried out by separately comparing the observed gamma
from the empirical sample to the sampling distributions of 100 gamma values created from the
random normal and uniform models. We do this by computing the density functions for the
sampling distributions and overlaying the observed gamma on each of the plots. If observed
gamma is in the top five percent of the sampling distribution, we reject H, in favor of H,. If not,
we do not reject H, and conclude that the population from which the empirical sample was drawn
is randomly distributed according to a normal or uniform model; i.e., we conclude that the
population does not contain clusters.




APPENDIX C

DERIVATION OF TYPE I ERROR PROBABILITY

The cluster evaluation procedure presented in this paper may be viewed as a statistical test of
Hy: “no cluster structure” vs H,: “with structure”

The alternative hypothesis does not specify a single N-cluster structure but instead accomodates
a class of alternative cluster solutions. A closer scrutiny of the procedure as described in the
preceeding sections reveals that it is composed of (1/2 - 2) component tests. We look at the
maximum observed gamma index. If it is significant, then we reject the “no cluster structure”
null hypothesis and our best estimate of the cluster structure is given by the corresponding N-
cluster solution. But note that the maximum gamma can be any of the (n/2 -2) gammas
corresponding to the 2-, 3-, ..., (n/2-1)-cluster solutions. That is, we could potentially be using
any of the (n/2 -2) associated conditinal tests of significance. The actual test, corresponding to
the maximum gamma, is determined only after observations are made. In the following
discussion, we examine the overall level of significance of the test.

Let C, denote the k-cluster solution, k=1,2....,(n/2 -1). The “no structure” solution corresponds
to C,. The null and alterative hypotheses can now be stated as

Hy: C=C;, vs H, Ce{C,k=2,3,..,(0/2-1)}

Let X be an nxp matrix of random observations. Define I'y = I'(X;C,), the gamma index
corresponding to the k-cluster solution. The a-level test procedure is now given by the rule:

Reject Ho: C':Cl if erax > erax,a

Here, K, is the index of the maximum gamma and is random and 'k is the (1-0)x100
percentile of the 'y, distribution. As implemented in our cluster evaluation program, the rule
above is indirectly carried out by getting an estimate of the p-value of the observed maximum
gamma based on a Monte Carlo simulation. The actual critical value I'gy, o 1S DOt calculated.
The computation below of the overall level of significance proceeds by partitioning the entire
cluster evaluation procedure into its component parts {reject Hy if I', 2I' , | K=k, k=2, 3, ...,
(n/2 -1)}. The probabilities are then collected across partitions using the total probability rule.
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P(Type I Error) = PC(X; C g pac) 2 Ty maea [C=C,)
= P(S/{({(Kmax =k)and (T(X; Cx et ) 2 Tk maxcka )} C = c,)
= Y PECGC hma) 2 imaea | Ko =45 C=C, JP(K i =k C=C))
k

=0 ) P(K,, =k|C=C))

=q '
That is, Type I Error rate o is preserved overall by the test. The union and summations above are
taken over k=2, 3, ..., (0/2 - 1). The second summation was obtained from the first by noting that

each of the component tests in the total probability expression is an a-level test. Also, there is an
implicit distribution under which the probabilities above are evaluated.
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APPENDIX D

ARMY POPULATION CLUSTER RESULTS

Table 1. Gamma Values for Population Cluster Structures

Population Gamma Index
2 to 262 Cluster Solutions

0BS NCLUSTER GAMMA

1 2 0.17768

2 3 0.42019

3 4 0.47390

4 5 0.55060

5 6 0.57324

6 7 0.51271

7 8 0.51259

8 9 0.40450
9 10 0.39589
10 11 0.37171
11 12 0.36516
12 13 0.35578
13 14 0.35172
14 15 0.35029
15 16 0.34917
16 17 0.34513
17 18 0.34407
18 19 0.34416
19 20 0.34410
20 21 0.34388
21 22 0.34056
22 23 0.33885
23 24 0.33690
24 25 0.33638
25 26 0.33223
26 27 0.32815
27 28 0.32822
28 29 0.32474
29 30 0.31121
30 31 0.31079
31 32 0.30165
32 33 0.29927
33 34 0.29767
34 35 0.29604
35 36 0.29476
36 37 0.29342
37 38 0.29331
38 39 0.29283
39 40 0.29226
40 41 0.29051
41 42 0.29031
42 43 0.29020
43 44 0.28874
44 45 0.28865
45 46 0.28862
46 47 0.28706
47 48 0.28669
48 49 0.28645
49 50 0.28621
50 51 0.28609
51 52 0.28518
52 53 0.28454
53 54 0.28254
54 55 0.28138
55 56 0.28092
56 57 0.27994
57 58 0.27950
58 59 0.27391
59 60 0.27287
60 61 0.27256
61 62 0.27180
62 63 0.27164
63 64 0.27029
64 65 0.27014
65 66 0.26998
66 67 0.26891
67 68 0.26841
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APPENDIX D

ARMY POPULATION CLUSTER RESULTS

Table 1 continued. Gamma Values for Population Cluster Structures

Population Gamma Index
2 to 262 Cluster Solutions

0BS NCLUSTER GAMMA

68 69 0.26790
69 70 0.26738
70 7 0.26641
71 72 0.26589
72 73 0.26509
73 74 0.26433
74 75 0.26416
[&] 76 0.26399
76 7 0.26391
7 78 0.26374
78 79 0.26357
79 80 0.26339
80 81 0.26322
81 82 0.26304
82 83 0.26295
83 84 0.26259
84 85 0.26063
85 86 0.26055
86 87 0.26008
87 88 0.25961
a8 89 0.25952
89 90 0.25943
90 91 0.25934
91 92 0.25916
92 93 0.25897
93 94 0.25869
9% 95 0.25859
95 96 0.25840
96 97 0.25831
97 98 0.25770
98 99 0.25721
99 100 0.25712
100 101 0.25693
101 102 0.25663
102 103 0.25612
103 104 0.25394
104 105 0.25374
105 106 0.25365
106 107 0.25355
107 108 0.25345
108 109 0.25325
109 110 0.25315
110 11 0.25231
11 112 0.25125
112 113 0.24683
113 114 0.24619
114 115 0.24609
115 116 0.24567
116 117 0.24536
117 118 0.24525
118 119 0.24407
119 120 0.24386
120 121 0.24375
121 122 0.24365
122 123 0.24354
123 124 0.24322
124 125 0.24311
125 126 0.24279
126 127 0.24257
127 128 0.24247
128 129 0.24192
129 130 0.24148
130 131 0.24115
131 132 0.24093
132 133 0.24071
133 134 0.24060
134 135 0.24016
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APPENDIX D

ARMY POPULATION CLUSTER RESULTS

Table 1 continued. Gamma Values for Population Cluster Structures

Population Gamma Index
2 to 262 Cluster Solutions

0BS NCLUSTER GAMMA

135 136 0.24005
136 137 0.23994
137 138 0.23983
138 139 0.23938
139 140 0.23927
140 141 0.23916
141 142 0.23904
142 143 0.23791
143 144 0.23769
144 145 0.23757
145 146 0.23712
146 147 0.23700
147 148 0.23689
148 149 0.23678
149 150 0.23655
150 151 0.23643
151 152 0.23631
152 153 0.23620
153 154 0.23608
154 155 0.23597
155 156 0.23585
156 157 0.23574
157 158 0.23550
158 159 0.23539
159 160 0.23515
160 161 0.23504
161 162 0.23469
162 163 0.23446
163 1 0.23434
164 165 0.23422
165 166 0.23305
166 167 0.23200
167 168 0.23105
168 169 0.23023
169 170 0.22952
170 171 0.22892
171 172 0.22844
172 173 0.22809
173 174 0.22785
174 175 0.22773
175 176 0.22713
176 177 0.22677
177 178 0.22629
178 179 0.22605
179 180 0.22569
180 181 0.22545
181 182 0.22532
182 183 0.22520
183 184 0.22508
184 185 0.22496
185 186 0.22387
186 187 0.22290
187 188 0.22253
188 189 0.22168
189 190 0.22094
190 191 0.22033
191 192 0.21983
192 193 0.21472
193 194 0.21434
194 195 0.21409
195 196 0.21396
196 197 0.21384
197 198 0.21371
198 199 0.21358
199 200 0.21346
200 201 0.21308
201 202 0.21282
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ARMY POPULATION CLUSTER RESULTS

Table 1 continued. Gamma Values for Population Cluster Structures

Population Gamma Index
2 to 262 Cluster Solutions

0BS NCLUSTER GAMMA

202 203 0.21269
203 204 0.20755
204 205 0.20243
205 206 0.19732
206 207 0.19222
207 208 0.18714
208 209 0.18208
209 210 0.17703
210 21 0.17201
211 212 0.16699
212 213 0.16668
213 214 0.16167
214 215 0.15669
215 216 0.15601
216 217 0.15533
217 218 0.15482
218 219 0.15448
219 220 0.15397
220 221 0.15380
221 222 0.14874
222 223 0.14370
223 224 0.13867
224 225 0.13366
225 226 0.12866
226 227 0.12825
227 228 0.12326
228 229 0.11828
229 230 0.11333
230 231 0.10839
231 232 0.10347
232 233 0.10322
233 234 0.10272
234 235 0.10246
235 236 0.09752
236 237 0.09261
237 238 0.08771
238 239 0.08285
239 240 0.07802
240 241 0.07323
241 242 0.06849
242 243 0.06380
243 244 0.05919
244 - 245 0.05465
245 246 0.054179
246 247 0.049712
247 248 0.045375
248 249 0.041210
249 250 0.037273
250 251 0.033642
251 252 0.030429
252 253 0.027776
253 254 0.025858
254 255 0.024843
255 256 0.023785
256 257 0.021514
257 258 0.020283
258 259 0.018973
259 260 0.017565
260 261 0.012420
261 262 0.007170
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ARMY POPULATION CLUSTER RESULTS

Table 2. Rand Analysis for Population

Rand Values Comparing 5 and 6-Cluster Structures
With 4 to 8-cluster Structures

5

0.9288(1.0000|0.9500|0.7832

.................. B et SRR T P T SR

6 |0.8793]0.9500{1.0000 |0.83130.7999

0.7524

Table 3. Comparison of 5- and 6-Cluster Structure in the Population

Rand Contingency Table Comparing
6-Cluster and 5-Cluster Solutions
CORRECTED RAND = 0.950020
5-Cluster Solution
---------------------------------- Row
1 | 2 | 3 | 4 | 5 |Totals
------------------ O L R Y R Lt L TEEEEES TR
6-Cluster Solution

1 41 o 0 0 0 41
------------------ foccemepecncmufocnacodonnacchonrenadonacan
2 | 17| 0| 0] 0| 0| 17
------------------ P L SE T TR R e et TER R L A ettt
3 | 0| 44| 0} 0j 0| 44
------------------ LT ittt TEEL AL SEL LR
4 | ] o] 119 0] o] 19
------------------ Y St SR TR TR R R R e
5 | o o o 18 of 18
------------------ Y AL S TR LR R LR
6 | 0] o} 0| 0| 24| 24
------------------ L L S E T Sy e LR ED LR
Column Totals | 58| ) 119] 18| 24| 263
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APPENDIX D

ARMY POPULATION CLUSTER RESULTS

Table 4. Descriptive Analysis of Population 5-Cluster Structure

Ward Hierarchical Cluster Analysis
Five-Cluster Structure Solution

Mean Factor Scores
--------------------------------------- Distance Statistics
FACTOR2 | FACTOR3 | FACTOR [--=-==-=s=s-osmomsocoscesooooes
N | Ability Outside Iclerlcal MIN | MAX | MEAN | STD
----------------------- i Tt e D LRt LR bt bbbttt Sl
Cluster Name
(1) Unskilled & Combat | 58} -1.2387 -0.0491| -0.0679| 0.4421| 7.1720} 2.9785| 1.6027

@ Wechanical T'ZZ.T"'EZ.&]&T"'A'QBBT'T;&;&|"'6'%;;5;|'6'6;;é|'é';;éé{]'z'.;;é{ﬁ}}&
EiS'éI;;H;;I';;;;EE'TH&T"'E{;}}BI"'EG;;;|"36'5;;;|"36';6§%|'6'6{;;}|'-}-'%éé§|'i'62.;i|'§'ﬁéé
@ Clerical T’%éi"ia';iéi|"'6}5_;?;"36'&&%|"'{ié;é|G’E%&h’i’é%’zz’.{?éé&h'3'63«3}
&) Technical U 13| seee) oer|  0.717s) 0.1460] 3.1852] 0.8728] 0.7

Table 5. Descriptive Analysis of Population 6-Cluster Structure

Ward Hierarchical Cluster Analysis
Six-Cluster Structure Solution
Mean Factor Scores
--------------------------------------- Distance Statistics
FACTORY | FACTORZ | FACTOR3 | FACTOR4 {-------=-=-====--esomnnnmeooons
N | Ability [Dexterity| Outside |Clerical | MIN | MAX | MEAN | ST

----------------------- T S S s Sl SEEEELES SELEEEEL SELELEES Sl el
Cluster Name
(1) Unskilled 41| -0.8579] -0.8216| -0.6515| 0.0789| 0.1184| 4.3110| 1.8513| 1.3465
----------------------- J A S i ST E TS R e S e et bt
(2) Combat | 17] -2 1570 -0.5051} 1 4036| -0. 4220| 0. 2554[ 4, 0445| 1. 2702] 0.9759
....................... T s LD T e L e il
(3) Mechanical 4| 0. 4210] 0.2013} 1. 6060]  0.3669| 0. 0668[ 5. 9988] 1 1.692| 1.1770
----------------------- s L S e ittt
(4) Electrical Repair | 119| 0. 27| o. 5562] -0. 3569| -0.6087] 0.0867| 7. 1285| 1.0453| 1.1128
----------------------- PO S SRR S et ST T LT AL L L LR EE St bbbt
(5) Clerical | 18] -0. 6321| O. 8257| -0.8847| 2. 389%| 0. 1517| 3. 5774] 1. 2209] 1. 0397
....................... o S s Sttt SELE ST LD SEE L LS bttt 4 -meamn
(6) Technical | 2 1.3225] -1 9848| -0.3927] 0O 7175] 0.1460| 3 1852| 0.8726| 0.7278
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APPENDIX E

SUGGESTED APPLICATIONS OF THE CV*IV PROCEDURE FOR
DETERMINING THE POPULATION CLUSTER STRUCTURE

E-1



APPENDIX E

The CV*IV procedure was developed as a statistical approach for identifying the optimal
number and configuration of clusters from a range of structures. We designed the procedure to

test the following set of hypotheses:

H,: the population is randomly distributed (i.e., there is no cluster structure in
the population);

H,: the population contains between 2 and n-1 clusters, where n is the number
of objects in cross-samples.

Another possible application of the CV*IV procedure is to explore the statistical
significance of a specific cluster structure, rather than a range of structures with different
numbers of clusters. We do not recommend this application, but suspect that people will use it
this way anyway. Therefore, we tentatively suggest a set of hypotheses, and caution the user that
the results will not be conclusive about cluster structure.

H,: the population is randomly distributed;

H,: the population contains k clusters.




APPENDIX E

Example 1!

In this situation the user has measurements on a set of variables for a sample of jobs. The
user thinks that there is a fairly strong job family structure in the population from which the
sample was drawn--in this case, Army entry-level jobs. He or she examines structures with 2 to
10 clusters in the sample data. After reviewing the output of the CV*IV procedure, which
follows, the user correctly rejects the null hypothesis at p = .05, and estimates that the population
of entry-level jobs consists of 5 job families.

! Parts of this example are presented in the method section of the report. The full output from the CV*IV procedure
is presented here.
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APPENDIX E

Example 1

Summary of Cluster Structure Evaluation 6244

Observed Gamma Indices
NCLUSTER  OBS_GAM

0.290991
0.437476
0.366399
0.507991
0.376139
0.363164
0.394496
0.359222
0.359222

OV ~NOUVMIAWND

-

summary of the Best Cluster Solution

No. of Clusters 5
Observed Gamma 0.5079911
MC Mean of Gamma 0.352842
MC S.D. of Gamma 0.0035932
P-value 0.01
No. of MC Samples 100
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Example 1

Distribution of Gamma 6245
Under the Null Hypothesis of No Cluster Structure
Based on NORMAL Distribution

Structure = 5-Cluster Solution
Gamma Index = 0.50799 (Reference Line)
Approximate P-value = 0.0100

7+
*
Fede e vk
6 + *x %
dekk * *
*k % * ek
*k * *k *
* * *k %*
5 + * * * *
sk ek ddk * ¥
* *
D * *
e * *
né+ ek *
s * *
i L1 *
t * ek
Yy ek *
3+ * *
* *
* *
dek *
dek sk
2+ kkk *
*k dede
*
*
*
1+ dek
dek
e
e e e v
e dedededede e de
0 + s
!-+ ---------- $orcecannana $rrrencccca LT LR LAEL LT LD oronmonces o=

0.2401 0.2906 0.3411 0.3916 0.4420 0.4925 0.5430
Gamma

NOTE: 88 obs hidden.
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APPENDIX E

Number of Clusters

E-6

Example 1
Summary of Cluster Structure Evaluation 6246
Plot of (Observed Gamma)*(Number of Clusters)
Plot of OBS_GAM*NCLUSTER. Symbol used is '*'.
+
*

+

+

+

*
+
+
*
+ *
*
*
*

+

+
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*
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Example 1

Optimal Cluster Structure Solution 6247
Cluster Assignments and Distances
------------- Semesmemsmesseccoceon CLUSTER=T moosmoomcommcco e

MOSID DISTANCE

21L 0.11386
24C 0.11386
24K 0.11386
27F 0.11386
27L 0.11386
27N 0.11386
32F 0.11386
34C 0.11386
34E 0.11386
34Y 0.11386
31T 0.29831
35R 0.46523
63N 0.80893
84C 1.12621
35€ 1.14585
---------------------------------- CLUSTER=2 --=-------mccommmmmcecaccccc e

MOSID DISTANCE

51R 0.23061
458 0.79938
45K 0.79938
457 0.79938
556 0.79938
676 1.12463
67H 1.12463
67U 1.12463
36E 1.19798
51C 2.85919
---------------------------------- CLUSTER=3 ------cemmmmcaec e

MOSID DISTANCE

1c 0.19004
16L 0.46830
16R 0.46830
624 0.63830
19K 0.69898
11M 1.09386
17¢ 1.15058
62F 2.10312
---------------------------------- CLUSTER=4 -~--c-=---cccmmm e

MOSID DISTANCE

76C 0.71397

E-7




APPENDIX E

Example 1

Optimal Cluster Structure Solution 6248
Cluster Assignments and Distances

---------------------------------- CLUSTER=4 --------r--vmmvcccccenococccnanan
(continued)

MOSID DISTANCE

76X 0.76297
76Y 0.87725
05D 1.26698
7P 2.67434
68F 3.16077
324 4.15414
928 8.54363
---------------------------------- CLUSTER=5 -=------cc-ccccommoomoomonnnnnonnonn

MOSID DISTANCE

36K 0.89547
726 1.63455
91U 1.81626
35H 1.83033
31V 2.22653
818 2.53332
43M 2.77807
81c 4.10158
73C 5.08092
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APPENDIX E
Example 1

Optimal Cluster Structure Solution 6249
Cluster Distances Statistics

Analysis Variable : DISTANCE

CLUSTER N Obs Mean Std Dev Minimum Maximum

1 15 0.3322079 0.3794097 0.1138590 1.1458550

2 10 1.0859209 0.6848772 0.2306102 2.8591913

3 8 0.8514357 0.5993642 0.1900418 2.1031212
4 8 2.7692547 2.6594696 0.7139686 8.5436260
5 9 2.5441148 1.3039073 0.8954734 5.0809203




CLUSTER

VIS WN -

APPENDIX E

Example 1

Optimal Cluster Structure Solution

Cluster Mean Factor Scores

FACTOR1

0.36445
1.00576
-1.42539
0.16579
-0.60528

FACTOR2

-0.65706
1.18632
1.26293

-0.65183

-0.76624

FACTOR3

0.86630
-0.06173
0.05950
-0.61309
-0.88315

E-10

FACTOR4

0.27260
0.23063
-0.01341
-1.75758
0.86363

6250
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Example 1

Rand Contingency Table Comparing 6251
5-Cluster and 4-Cluster Solutions
CORRECTED RAND = 0.712794

4-Cluster Solution

--------------------------- Row

cL1 | cL2 | cL3 | cL4 |Totals
------------------ T T Rt L L LR Lttt
5-Cluster Solution
cLt 15 ] 0 0 15
------------------ drmrecodomcnenpmnucnoponcnondmanenn
cL2 | 0] 10] 0| 0] 10
------------------ e A ST R R
CL3 | o} 0| 8| 0] 8
------------------ $ocmevodenanaeproccachocmccctancnna
CL4 | o} 0 o} 8| 8
------------------ $eccmcudamemnadonccaponncapoonnnn
cLs | of o o o 9
------------------ T D bt SR LT R R
Column Totals | 2] 19} 8] 8] 50
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Example 1

Rand Contingency Table Comparing 6252
5-Cluster and 6-Cluster Solutions
CORRECTED RAND = 0.960455

6-Cluster Solution

----------------------------------------- Row

cL1 jeL2 |[cL3 | cué | cL5 | cLe |Totals
------------------ B LT T R L e et DL
5-Cluster Solution
cL1 15 0 0 0 0 0 15
------------------ B L LT e e R Y LR
cL2 | ]| 10| o| 0} 0] ]| 10
------------------ e D s it CELEEEL TEELELL RS RS S L
CL3 | ]| 0} 8| 0} 0| o] 8
------------------ T T SR DR TP PP R R EEs TEE R
CL4 | o} 0] o| 5| o} 3] 8
------------------ D LR R TRt L L Ry bl
cLS | 0] 0] o] 0} 9| ]| 9
------------------ O Lr: R SR R Y L e L e
Column Totals | 15] 10| 8| 5| 9] 3] 50
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Example 2

A researcher has a sample of Army jobs and believes that there is a 9-job family structure
in the population. He examines only a 9-cluster structure and cannot reject the null hypothesis of
no cluster structure. Since we have examined the Army job population cluster structure we know
that it contains 5 clusters. However, the nonsignificant test results lead the user to incorrectly
conclude that there is no cluster structure because he did not explore a range of possible numbers
of clusters. We caution the researcher that the finding of nonsignificant results is not conclusive
for this type of analysis and that he should examine a range of solutions. The output from his
analysis are presented below.
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Example 2

Summary of Cluster Structure Evaluation 3593

Observed Gamma Indices
NCLUSTER  OBS_GAM

9 0.359222

Summary of the Best Cluster Solution

No. of Clusters 9
Observed Gamma 0.359222
MC Mean of Gamma 0.2991958
MC S.D. of Gamma 0.0034782
P-Value 0.17
No. of MC Samples 100
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Example 2
Distribution of Gamma 3594
Under the Null Hypothesis of No Cluster Structure
Based on NORMAL Distribution
Structure = 9-Cluster Solution
Gamma Index = 0.35922 (Reference Line)
Approximate P-value = 0.1700
8 +
hk
*k *k
* *k
* k2
D * i
e 6 + * ik
n v i
s ke *
i * Yk
t *k *k
y * *k
* *
4 + * *
* *
dk *
* *
* *k
*i *k
* *
2+ * *
*k *
ok *
wk ke
* kR *ekd
e e de dede ke e v de e de e e
*dkdededk
0+ dekek
!-+ ---------- dmmmmm————— L il 4evemmmaaan $rmmmmmnn— H-emmemmaaa -
0.1567 0.2109 0.2651 0.3193 0.3735 0.4277 0.4819
Gamma

NOTE: 105 obs hidden.
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APPENDIX E

Example 2
Optimal Cluster Structure Solution 3596
Cluster Assignments and Distances
---------------------------------- CLUSTER=1 ~=-v----mecormocmmmmcmmccccmecoee s

MOSID DISTANCE

21L 0.11386
24C 0.11386
24K 0.11386
27F 0.11386
271 0.11386
27N 0.11386
32F 0.11386
34C 0.11386
34E 0.11386
34y 0.11386
317 0.29831
35R 0.46523
63N 0.80893
84C 1.12621
35E 1.14585
---------------------------------- CLUSTER=2 =------=--c--cccmccccccnccmccoacaan-

MOSID DISTANCE

458 0.04435

45K 0.04435

45T 0.04435

556 0.04435

51R 0.38673

36E 0.74184
---------------------------------- CLUSTER=3 =--------ssssammmmmmmomaaaaaaanaes

MOSID DISTANCE

11c 0.19004
16L 0.46830
16R . 0.46830
624 0.63830
19K 0.69898
11M 1.09386
17¢ 1.15058
62F 2.10312
---------------------------------- CLUSTER=4 -=---------=-c--r-coccccocccccncnnnn

MOSID DISTANCE

676G 0.10441
67H 0.10441
67U 0.10441
51C 0.93965
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Example 2
Optimal Cluster Structure Solution 3597

Cluster Assignments and Distances

MOSID DISTANCE

76X 0.41498

76Y 0.62194

76C 0.69897

68F 0.98607

32H 1.48145
---------------------------------- CLUSTER=6 === -======-cmsecmmomeannmomaaaoaes

MOSID DISTANCE

73C

36K 0.27115
35H 0.36787
43M 0.80942
91U 1.56327
---------------------------------- CLUSTER=7 ===----s=mmmmocanmmomaannnneeaaaaes
MOSID  DISTANCE
31V 0.25007
818 0.54987
726 1.04323
---------------------------------- CLUSTER=B == =--=====cm==semmmmceac e,
MOSID  DISTANCE
7P 0.43692
05D 1.44326
928 1.49530
---------------------------------- CLUSTER=9 =----crmmcmmommmo o mccaaaae
MOSID  DISTANCE
8ic 1.26243

1.26243
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Example 2

Optimal Cluster Structure Solution

Cluster Distances Statistics

Analysis Variable : DISTANCE

CLUSTER N Obs Mean

3598

1 15 0.3322079

2 6 0.2176645
3 8 0.8514357
4 4 0.3132172
5 5 0.8406816
6 4 0.7529285
7 3 0.6143903
8 3 1.1251615
9 2 1.2624350

0.3794097
0.2910283
0.5993642
0.4176230
0.4125763
0.5888440
0.4004971
0.5965982

0.11385%90
0.0443547
0.1900418
0.1044057
0.4149810
0.2711541
0.2500714
0.4369245
1.2624350

1.1458550
0.7418398
2.1031212
0.9396517
1.4814525
1.5632662
1.0432311
1.4952951
1.2624350
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Example 2
Optimal Ctuster Structure Solution 3599
Cluster Mean Factor Scores
CLUSTER FACTOR1 FACTOR2 FACTOR3 FACTOR4

0.36445 -0.65706 0.86630 0.27260
1.21362 1.28417 -0.54242 0.74978
-1.42539 1.26293 0.05950 -0.01341
0.69397 1.03954 0.65930 -0.54809
-0.13371 -0.58895 0.37773 -1.89088
-1.42211 -0.79469 -0.42834 0.41394
0.46179 -0.34605 -0.98334 0.42563
0.66495 -0.75662 -2.26445 -1.53543
-0.57221 -1.33961 -1.64250 2.42003

NN NN -
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Example 2

Rand Contingency Table Comparing 3600
9-Cluster and 8-Cluster Solutions
CORRECTED RAND = 0.961462

8-Cluster Solution
CL1 [cL2 |ct3 |cs [cL5 |cLé | cL7 | cLs

------------------ LR T R T RE LT TP S pu gy s,
9-Cluster Solution

CL1 15 0 0 0 0 0 0 0
------------------ LR R L L ik i ly LT T T Sy
cL2 | 0| 6| 0] ]| 0] 0| 0] 0
------------------ e R R D it At St ST r ST e
cL3 | 0| ]| 8| o| 0] ]| 0] 0
------------------ LR R R L L Tl bttt B REEEt T T T s ey S,
CL4 | ]| of ]| 4| ]| ]| ]| 0
------------------ R bt SR R e . Lo
CL5 | ]| o] o ]| 5] o] o| 0
------------------ L e Y N il St S LT T T peppir Sy
CLé | 0] | ]| o] 0] 4| ]| 0
------------------ LR R Rt et At Sl s ST TP rpr Supap—
CL7 | ]| 0] oj ]| 0] 3| o| 0
------------------ LR R it i LRt Tr T ey AU,
cL8 | ]| ]| ]| 0| (]| 0] 3] 0
------------------ R D R Rl Sttt ST ST T e epuraup——
CL9 | ]| ]| 0] ]| 0] ]| 0| 2
------------------ A R T Tt R A s SL L LT Ty pupuppn
Column Totals | 15] 6) 8| 4] 5| 7| 3) 2

(CONTINUED)
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Example 2

Rand Contingency Table Comparing 3601
9-Cluster and 8-Cluster Solutions
CORRECTED RAND = 0.961462

Row

Totals
.................. [
9-Cluster Solution
cL1 15
.................. $omemn-
cL2 | 6
.................. drecmen
CL3 | 8
.................. [ .
CLé4 | 4
.................. feaconan
CLS | 5
.................. $oannan
CLé | 4
.................. $ecmaan
cL7 | 3
.................. emmman
cL8 | 3
.................. m—————
cL9 | 2
.................. [ ——
Column Totals | 50
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Example 2

Rand Contingency Table Comparing 3602
9-Cluster and 10-Cluster Solutions
CORRECTED RAND = 0.979905

10-Cluster Solution
CL1 |ct2 Jc3 |cté |5 [cLe | c7 | cs

------------------ LR R L L E RLEd STy S
9-Cluster Solution

cL1 15 0 0 0 0 0 0 0
------------------ R L L it S rh: TE T T T pap.
cL2 | 0] 6| ]| 0] 0] o] ]| 0
------------------ L R D R bt ittt T T T e SUp R S
cL3 | 0] 0} 8| 0| 0] 0| ]| 0
------------------ R s bk e T T E T T Ty supnppnn
CLG | 0| 0] o] 4] 0] o] of 0
------------------ R R e T R e el DD T T SN
cLs | 0| 0| ] 0] 3] of 2| 0
------------------ R e s T T P eyut S E s PR S
cL6 | 0| 0| 0} ] 0] 4] 0| 0
------------------ L R bR DRt TP SRyt SR Ip U SU
cL7 | 0] 0} | 0} 0| 0| 0} 3
------------------ L e D N it DR T T Tep e up R U,
cL8 | ]| 0] 0| o] 0] ] 0| 0
------------------ Rl R it bt R T ST Pep S Ayt
cL9 | 0] of 0] (]| o 0| ]| 0
------------------ e A it bt St T T T TEpe A S
Column Totals ] 15] 6] 8| 4] 3] 4| 2| 3

(CONTINUED)
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Example 2

Rand Contingency Table Comparing 3603
9-Cluster and 10-Cluster Solutions
CORRECTED RAND = 0.979905

10-Cluster

Solution

------------- Row

CL9 | CL10 |Totals
------------------ R L L SRR
9-Cluster Solution
cL1 ] 0 15
------------------ R T e
cL2 | o} 0] 6
------------------ L LT TP
CL3 | 0] 0| 8
------------------ R et e
CL4 | 0] o 4
.................. $omcccefenrnnndonannn
] | of ] 5
.................. L L
cL6 | 0| 0] 4
.................. $recmmccprcc s e
cL7 | 0} 0| 3
------------------ T ST LT TP
cL8 | 3] ]| 3
------------------ $ecccnapecanandrccnan
CL9 | ]| 2| 2
------------------ L b bl
Column Totals | 3] 2 5o
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Example 3

A different user has the same sample of Army jobs. However, she believes that there is a
3-job family structure in the population. She examines only a 3-cluster structure and is able to
reject the null hypothesis. She concludes that the population consists of 3 job families. Again,
we have examined the Army population cluster structure and know that a 5- or 6-cluster structure
has a higher level of internal validity. We caution the user to examine a range of cluster
structures because the 3-cluster structure may not be optimal. The output from the 3-cluster
analysis is presented below.
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APPENDIX E

Example 3
Summary of Cluster Structure Evaluation 405
Observed Gamma Indices
NCLUSTER  OBS_GAM

3 0.437476

Summary of the Best Cluster Solution

No. of Clusters 3
Observed Gamma 0.4374765
MC Mean of Gamma 0.2183129
MC S.D. of Gamma 0.0050616
P-Value 0
No. of MC Samples 100
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Example 3

Distribution of Gamma 406
Under the Null Hypothesis of No Cluster Structure
Based on NORMAL Distribution

Structure = 3-Cluster Solution
Gamma Index = 0.43748 (Reference Line)
Approximate P-value = 0.0000

8 + dedede
*k *
* kR
* *
* *
* *
D * *
e b + dek "k
n * *
s *
i * *
t * *
y * *
* *
4 + * *
*k *
* *
*k *
*hek *
Wk *
ke *
2+ *k *
*k ok Fedededeh
* dekdedekk  Rdk
* *ksk
* . dekededk
* dedededese ek
sedkededk
0+ ' dek
!--0- ---------- R it Frmemoomaan L bl L it e +--

0.0730 0.1373 0.2016 0.2659 0.3302 0.3946 0.4589
Gamma

NOTE: 97 obs hidden.
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Example 3
Optimal Cluster Structure Solution 408
Cluster Assignments and Distances
---------------------------------- CLUSTER=1 --=c=---ccmmcccnmnmmmmmccee el

MOSID DISTANCE

317 0.5823
211 0.7961
24C 0.7961
24K 0.7961
27F 0.7961
27L 0.7961
27N 0.7961
32F 0.7961
34C 0.7961
34E 0.7961
34Y 0.7961
35R 1.2123
818 1.2637
3w 1.3791
63N 1.3940
84C 1.4561
35€ 1.5789
35H 2.5488
43M 2.8247
36K 3.4243
91 4.0070
726 4.4977
81c 6.9344
73C 11.3532
---------------------------------- CLUSTER=2 ==-=ecc--occmmmcmaccc i reeaccanan

MOSID DISTANCE

62F 0.13055
624 0.99867
676G 1.58579
67H 1.58579
67U 1.58579
36E . 1.70396
51R 2.27832
11C 2.42504
16L 2.50711
16R 2.50711
51C 2.56740
458 2.84637
45K 2.84637
457 2.84637
556 2.84637
19K 2.85724
11M 4.74816
17C 5.42926
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Example 3
Optimal Cluster Structure Solution 409
Cluster Assignments and Distances
---------------------------------- CLUSTER=3 -=--v=cc-ccavecrmccarcacanccaacnane

MOSID DISTANCE

76C 0.71397
76X 0.76297
76Y 0.87725
05D 1.26698
71P 2.67434
68F 3.16077
32K 4.15414
928 8.54363
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Analysis Variable :

CLUSTER N Obs

APPENDIX E

Example 3
Optimal Cluster Structure Solution
Cluster Distances Statistics

DISTANCE

1 24
2 18
3 8

2.1840619 2.4950970 0.5822800
2.4608705 1.2195333 0.1305536

2.7692547 2.6594696 0.7139686

11.3532367
5.4292589

8.5436260

E-29
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CLUSTER

1
2
3

Optimal Cluster Structure Solution

APPENDIX E

Example 3

Cluster Mean Factor Scores

FACTOR1

0.00080
-0.07475
0.16579

FACTOR2

-0.69800
1.22037
-0.65183

FACTOR3
0.21025

-0.00785
-0.61309

E-30

FACTOR4

0.49423
0.12217
-1.75758

411




APPENDIX E

Example 3

Rand Contingency Tabte Comparing 412
3-Cluster and 2-Cluster Solutions
CORRECTED RAND = 0.691202

2-Cluster
Solution
------------- Row
CL1 | cL2 |Totals
------------------ R it
3-Cluster Sotution
cL1 24 0 24
------------------ R Lr e L E Y TR TP
cL2 | of 18] 18
------------------ L et it Sttt
cL3 | 8| 0| 8
------------------ L et LEL LT TP
Column Totals | 32| 18] 50

E-31




APPENDIX E

Example 3

Rand Contingency Table Comparing 413
3-Cluster and 4-Cluster Solutions
CORRECTED RAND = 0.855259

4-Cluster Solution

--------------------------- Row

CL1 | ct2 |cL3 | cLé |Totals
------------------ B et R SR T
3-Cluster Solution
cL1 24 0 0 0 24
------------------ LR R L R ST T T PP
cL2 | o] 10] 8| o] 18
------------------ R R R R e Skl
cL3 | 0} 0| o] 8] 8
------------------ L R Y Rt TEE TS
Column Totals | 2] 10| 8] 8 50

E-32




APPENDIX E

Example 4

In this analysis a researcher believes that Army recruits can be grouped into distinct
clusters according to profiles of the 10 tests of the Armed Forces Vocational Aptitude Battery
(ASVAB). She selects a sample of new recruits and examines structures with 2 to 20 clusters.
The results of the CV*IV procedure shown below are not significant. Therefore, she cannot
reject the null hypothesis that the population distribution of recruits is approximately
multivariate random normal.
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Example 4

Summary of Cluster Structure Evaluation

Observed Gamma Indices
NCLUSTER  OBS_GAM

2 0.139594
3 0.127699
4 0.163875
5 0.113496
6 0.131078
7 0.233124
8 0.209863
9 0.193008
10 0.180168
11 0.190933
12 0.225885
13 0.217925
14 0.260830
15 0.260418
16 0.269178
17  0.267467
18 0.267467
19 0.265964
20 0.229481

Summary of the Best Cluster Solution

No. of Clusters 16
Observed Gamma 0.2691784
MC Mean of Gamma 0.2354532
MC S.D. of Gamma 0.0013764
P-Value 0.18
No. of MC Samples 100

E-34
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APPENDIX E

Example 4
Distribution of Gamma 12404
Under the Null Hypothesis of No Cluster Structure
Based on NORMAL Distribution
Structure = 16-Cluster Solution
Gamma Index = 0.26918 (Reference Line)
Approximate P-vatue = 0.1800
14 +
*k
12 + Kededede ke
* *
ke *
* *
* *k
10 + * *
* *
%* *h
D * *
e * *
n 8 + * ek
s * ek
i * * %k
t * dede
y Rk ok
6 + * L
*k ek
* *d
* sk
* *k
4 + * ok
Kk k¥
*% *k
*k ok
Yede *k
2+ Yk ek
dkk ik
dedkedek ek
Rhekh e e de I de e
dededede e
0+ ke
!-+ ---------- D L L L $ommenmanae L +--
0.1461 0.1809 0.2157 0.2505 0.2853 0.3200 0.3548
Gamma
NOTE: 86 obs hidden.
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D3I o

X Q3 -

0.28 +

0.26 +

0.24 +

0.22 +

0.20 +

0.16 +

0.10 +

B s e b SET TS TEL TEL TR L EL SRt

2 3 45 6 7 8 9101112131415 16 17 18 19 20

APPENDIX E

Example 4

Summary of Cluster Structure Evaluation
Plot of (Observed Gamma)*(Number of Clusters)

Plot of OBS_GAM*NCLUSTER. Symbol used is '*'.

Number of Clusters

E-36
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Analysis Variable :

CLUSTER N Obs

o N o

10

11

N 0O v o0 W

W

APPENDIX E

Example 4

Optimal Cluster Structure Solution

Cluster Distances Statistics

DISTANCE

2.1791234
2.4062900
3.7097727
1.5544387
3.5694026
3.8074435
5.2434283
2.7990472
2.3620342
4.0341251
5.0733972
4.4499681
4.4847027
2.4499192
2.6216764

2.7477508

0.8381630
0.2784894
0.9240487
0.7935117
1.2716619
1.0992187
2.8788394
1.0295825
0.8325038
1.2375640
1.9020194
2.3481337
0.7691011

1.2688995
2.0333227
2.7209232
0.6961742
1.9380023
2.6720207
2.8393306
1.4579630
1.6011149
2.9104776
2.9255975
2.2627003
3.7403477
2.4499192
2.6216764

2.7477508

12409

3.9377852
2.6669408
5.1504901
2.2614150
5.3368007
5.4311877
10.7832645
3.6852831
3.2512314
6.0515814
7.4480957
6.6972429
5.5633355
2.4499192
2.6216764

2.7477508
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Example 4
Optimal Cluster Structure Solution 12410
Cluster Mean Factor Scores
CLUSTER FACTOR1 FACTOR2 FACTOR3 FACTORG

-0.06057 0.69340 0.84886 0.40579
0.57819 -0.76211 -0.07276 -1.42507
-0.62543 -0.85683 -0.31171 -0.61986
0.09420 1.16196 0.11421 0.53987
-0.87416 0.54167 -0.43775 -0.87051
-0.16333 -1.19708 -0.15252 0.88440
0.48668 -0.38458 1.15709 -0.20058
-0.33736 0.55424 0.58518 1.52224
0.85790 1.41373 -0.79125 -1.14721
0.63570 -0.90590 -0.57684 0.19740
-1.14684 0.26740 -1.41594 0.27333
-0.22808 -0.03345 -0.59009 0.62282
1.01014 0.92549 0.47648 -0.79621
0.40448 -0.68914 -0.43389 0.94035
-1.35678 0.97114 0.76312 0.19369
16 0.75491 -1.05650 -1.09886 -0.08012

o S I Y
VMHPUWN_2O0O00ONOWVBWND -

FACTOR5 FACTOR6 FACTOR7 FACTORS FACTOR®

0.48751 0.62059 0.22526 0.11317 0.78482
0.62854 0.60419 0.44139 0.44706 0.70286
-0.14371 -1.25318 -0.95666 0.50817 0.11001
-1.15763 -0.48265 -0.57938 -1.41932 -0.21590
-0.03931 0.97509 -0.04304 -0.64739 0.18584
-0.06666 -1.12291 0.21119 -1.18717 1.22399
-0.87931 0.33225 0.90795 0.10771 -0.79646
0.58841 0.45539 -0.56628 1.24269 -0.44470
0.62870 -0.37246 0.33664 -0.66786 0.75513
0.21299 0.80669 -0.94436 0.98093 -0.01419
-1.82393 0.87836 -0.06494 0.17799 0.13663
1.29639 -0.54586 1.28630 0.68459 0.18554
-0.78633 -1.81885 -0.62112 0.57383 -0.39387
1.26680 0.72033 -1.04306 -2.07308 -1.54004
1.13643 -1.53771 -0.63449 ~0.67281 -1.13225
0.15608 -0.26287 1.38400 -0.56227 -2.31285
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Example 4

Rand Contingency Table Comparing 12411
16-Cluster and 15-Cluster Solutions
CORRECTED RAND = 0.978407

16-Cluster
Solution

15-Cluster Sotution
CL1 |cL2 |ct3 |ce |ct5 |ce | cL7 | cLs
------ R L e s DL LT Tr Taspapa
8 0 0 0 0 0 0 0
------ et St S L LT STy
]| 4] 0] ]| O] 0} o] 0
------ et L R R e DL LT ST T TR aapep——
0} ] 5] ]| 0] ]| ] 0
------ it St s s e
]| 0| oj 3] ]| 0] 0| 0
------ L D R Lt LT TY TP
o| of 0] 0] 6] 0| ]| 0
........................ $emmcccpocccandonnccapannann
]| 0| ]| o) 0] 5| 0| 0
........................ L L Sl il LT
]| o} ]| 0] 0} 0] 8| 0
------------------ R et Sttt Sl SRl ST
0| 0] o} ]| o] 0} o] 4
------------------ s e T T Iep
0] 0] ]| 0} o] ]| ]| 0
........................ B LT T P S
o| o| 0] 0| o} 0| ]| 0
------ e L LR R e L b LT T Ty
0| 0] ]| 0] 0| 0} 0| 0
------------ B Rt L bbb et ST Pepp S
0] 0] 0| ]| 0] 0| 0} 0
............ B R e e e S P S
o} ] 0] 0| o} 0] o| 0
........................ T T L L L LT ey pepup
0] 0] o} 0] (] ] o] 0
------------------------ LR Y ALl TR Y
0] 0] 0} 2| | 0} ol 0
------------------------ L it it bttt
0] 0] ]| 0] 0| ] o 0
------ R et R R it LR TE TR
8| 4 5| 5| 6 51 8 4

(CONTINUED)
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Example 4
Rand Contingency Table Comparing 12412

16-Cluster and 15-Cluster Solutions
CORRECTED RAND = 0.978407

15-Cluster Solution

------------------------------------------------ Row

CL9 | cLto | cL11 | cL12 | CL13 | CcL14 | CL15 {Totals
------------------ B e e b D R R
16-Cluster
Solution
cLt 0 Y 0 0 0 0 e 8
------------------ D Ty A LRt TEET TR TEEET R TERET
cL2 | 0] 0] 0| 0} 0| 0] 0| 4
------------------ R bt T R R bt e Er LR
CL3 | 0| 0| ]| (]| ]| 0] ]| 5
------------------ D L R et et R R A AR
CL4 | ]| 0| o} 0} 0| o] of 3
------------------ drmmemefecconadmanccnpencenntoncnachacoacnatecnrendonnonn
CL5 | 0] 0] 0| ]| 0] 0| 0} 6
------------------ R L R LT TR R R S LR L T TP
CLé | ]| ]| 0] 0| 9| o} 0| 5
------------------ B o i St S R R R Y
cL7 | ]| ]| 0} 0] o ] 0| 8
------------------ R L L it St dbbtb SEL LT TP P
cL8 | o) 0] o] 0| o| 0} ]| 4
------------------ i b L Lt S lb: St
cL9 | 3] o} of 0| 0| 0f 0| 3
------------------ e T R R R
cL10 | o 6 o o o o o 6
------------------ e et T e et LT
cL1 | 0} 0] 4] 0] ]| 0] ] 4
------------------ 4ececcopocccccdmccnccdacccccdoccccopancccadoccccadancann
CL12 | 0| 0] 0] 4| 6| 0| of 4
------------------ B bbb T O e Skt Sttt
CL13 | ]| o 0| o| 4| 0| ] 4
------------------ LR Eillt Sl Sttt it Sl St Skt
CL14 ] 0| 0| 0] 0| o} 2| 0} 2
------------------ R it it bt St Al Shbhhlt Sttt
cL15 | ] 0| 0| 0| 0} 0] 0] 2
------------------ B R s S A L ET TEE T
CL16 | o} 0} of 0| 0| of 2| 2
------------------ B D i bl S L R T
Column Totals | 3] 6| 4] 4] 4| 2| 2 70
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Example 4
Rand Contingency Table Comparing 12413

16-Cluster and 17-Cluster Solutions
CORRECTED RAND = 0.973727

17-Cluster Solution
CL1 |cL2 |ct3 |cié |c5 |cLé | €7 | cus

------------------ LR R R R L it bt T T T
16-Cluster

Solution

cL1 8 0 0 0 0 0 0 0
------------------ R Rl L R i Sl LT T r T Sup—
cL2 | 0| 4| o} 0} 0] 0j 0f 0
------------------ R R R R e Sl LR TP L R e
CcL3 | 0] 0| 5| 0| o| 0] 0| 0
------------------ LR R R i it CERLLEt T LT TP S,
cLs4 | o o o 3 o o o o
------------------ R R R Rt T L O L LT
CL5 | 0| 0] ]| 0} 6| ]| 0] ]
------------------ L R R e it S il ittt DLl T Sus——
CcLé | ]| ]| 0} o] o} 5] ]| 0
------------------ LR L L LT R bt TREL T
nig | o} o} 0| o| 0] ]| 7] ]
------------------ R bk bttt S r T T i AP S
cL8 | 0] 0] | 0| of 0] 0| 4
.................. L L L L L L L O T T Y PAPPEpT S,
cL9 ] ] 0] 0| ]| 0} ]| 0} ]
------------------ R el L R i LoE LT T
cL10 | o} of 0| ]| 0| 0} 0| 0
------------------ R R L R L L
cL1 ] 0| 0] 0] o] 0] 0| o] ]
------------------ R R i L N & L LT T Sup e,
cL12 | 0] 0] ]| 0] 0| 0] 0| 0
------------------ R R R bt SR i iR LT TR S
CcL13 | o0} o| o ]| 0| o} ]| 0
------------------ R e R it Dbt SR TP SR
cL14 ] 0| 0| 0] 0] 0] | 0| 0
------------------ R Rt S DLt T TSI Sup A
cL15 | o} 0] ] 0] ]| ]| 0] Y
------------------ R e L e it DL DL T TR ORI,
cL16 | o o o o o o o o
------------------ L R L A Ll ST TP r AP
Column Totals | 8} 4] 5] 3] 6| 5] 7| 4

(CONTINUED)
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Example 4

Rand Contingency Table Comparing 12414
16-Cluster and 17-Cluster Sotutions
CORRECTED RAND = 0.973727

17-Cluster Solution

CL9 | cL1o | cL1t | cu12 | €13 | cL14 | cL15 | cL1é
------------------ 4rcemccdaunccctenucanhecrrnndrnmncadocconcdenncnndomnnnn
16-Cluster
Solution
cu1 0 0 0 0 0 0 0 0
------------------ B et St S R
cL2 | ]| 0] 0] 0| 0| 0| 0| 0
------------------ $emccccdeccacaduccccctoccaradrnnncnpoccncodrcnnnatoccann
CcL3 | 0} of ] o| 0] 0| 0| 0
------------------ B Rt e R ettt AL EET TEEEE L S L)
CL4 | ]| 0| 0} 0| 0| 0} 0| 0
------------------ D s St e T T L
CL5 | 0] o} o ]| 0] 0| o} 0
------------------ 4omemcadeccasapecccccheccncadrcccmadorarondonmnc e
CLé | ]| ]| 0] ]| o} 0} 0| 0
------------------ 4remcccdoccccadoncnnndroccenpronsmcponconsdonncnnboosnan
cL? | 0| ] o} 0| ]| o| ]| Y
------------------ B L R e el Sttt Sttt Akl
cL8 | 0| 0] ]| 0] 0| o| 0] Y
------------------ $ecccmcdeccnccdonmcncdoncccndonrcocdrccncaduacencdocnnna
cLY | 31 o o o o o o o
------------------ R L b L R R it St Sttt Sttt
CcL10 ] o} 6| | of 0} 0] ]| 0
.................. D R el it et LT Y TR
cLn | ]| 0| 4] ]| 0} 0] 0| 0
.................. B . LT L R s L R TR TR
cL12 | o| 0| 0| 4| 0| 0| 0] ]
------------------ 4eccnccdeccccapeccccadeccccchonnccchrarcredonrmncdennann
cL13 | of ol 0| ] 4| 0] 0] 0
------------------ 4ececeedencccchanccccpmcnccodonccncbonrerndonanacdocnnan
CL14 ] of o| 0| | 0] 2| 0| 0
------------------ B R L N R e L L)
CL15 | ]| o| ]| 0j 0| 0| 2| 0
------------------ R R R E et S R T ST LT T L P
cL16 | of 0} ]| 0| ]| o of 2
------------------ R R AL LR L LT L L s TR L)
Column Totals | 3] 6] 4] 4| 4} 2} 2| 2

(CONTINUED)
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Example 4

Rand Contingency Table Comparing
16-Cluster and 17-Cluster Solutions
CORRECTED RAND = 0.973727

17-
Clust-
er
Solut-
ion
------ Row
CL17 |Totals
.................. T
16-Cluster
Solution
CcL1 0 8
.................. P LT T
cL2 | 0| 4
.................. T TR
CL3 | 0] 5
.................. $ercsrafpecncaa
cL4 | 0] 3
.................. R e L E T
CcL5 | o} 6
------------------ LR SRS
cLé | 0| 5
.................. e ————-
cL7 | 1} 8
------------------ e
cL8 | 0] 4
.................. L e
cL9 | ] 3
.................. E T LT TP
cL10 | of 6
.................. $emcrmepennaaa
an | 0] 4
.................. L
cL12 | 0] 4
.................. P T TP
cL13 i 0| 4
.................. LT LT TR
CL14 ] o|
.................. L. LTy
CL15 | 0| 2
.................. F LR TR
CL16 | of 2
.................. $decmcenfunmana
Column Totals | 11 70
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